
DEPARTMENT OF THE NAVY 
NAVAL FACILITIES ENGINEERING COMMAND, MID·ATLANTIC 

9742 MARYLAND AVENUE 

Michael A. Mintzer 
Assistant Regional Counse l 
New York/Caribbean Superfund Branch 
Office of Regional Counsel 
U.S. Environmental Protection Agency, 
Region II 
290 Broadway. lih Floor 
New York. NY 10007-1866 

NORFOLK, VA 23511-3095 

5090 
EV3/071225 

SUBJECT: NEWTOWN CREEK SUPERFUND SITE, KINGS COUNTY AND QUEENS COUNTY, 
NEW YORK, REQUEST FOR INFORMATION PURSUANT TOTH£ 
COMPREHENSIVE ENV IRONMENTA L RESPONSE. COMPENSATION. AND 

LIABILITY ACT (CERCLA). 42 U.s.c. §§ 9601 -9675 

Dear Mr. Mintzer: 

This leller responds 10 the Environmental PrOlection Agency's CERCLA § J04(e) leller dated November 
10.20 II requesting information from the Na vy regarding ils historic operations at the Brooklyn Navy Yard, 
Maspeth Annex and Newtown Creek. EPA requested responses to questions concerning. the Navy's ownership and 
operations, its arrangements with other en!ities concerning the site, and information related to any leaks, spills, 
discharges, etc. occurr ing at the Annex. EPA also requested copies of documents pertaining. to acti vit ies of the Navy 
at Ihis location. such as COntracts, leases. permits. reports, etc. Your e-mail dated December 15.20 II . extended our 
original response deadline to January 31. 20 12. 

Naval Facilities Engineeri ng Command (NAV FAC) Mid -Allantic and other NAVFAC componl':n!S do, as 
part of their Environ mental Restoration program responsibilities, collect information regarding pasl waSfe disposal 
praClices, spi ll s, and other contami nation-related issues at Naval installations. for purposes of conducting clean-up~ 
under CERCLA and the Resource Conservation and Recove ry Act (RCRA). We therefore contacted various 
NA VFAC component organizations 10 determi ne whether any of them possessed any relevant records, or knew of 
any emp loyees, past or present, who might have information about Navy activities at or near the Maspeth Annex . 
We also contacted Navy Sea Systems Command: Commander, Navy Region Mid-Atlantic~ Military Sealift 
Command; and the Office of Naval Research (ONR) to determine if any of those entities might have information 
relevant to this request. 

The Navy found no employees with any personal knowledge of Navy activities at Maspeth Annex or any 
knowledge of former employees who might have such information. However, our search located several documents 
which are allached to th is response, Substantive responses to EPA's que~tions, to the exte nt the Navy was able 10 

provide them, are also al1ached, 



SUBJECT : NEWTOWN CREEK SUPERFUND SITE, KINGS COUNTY AND QUEENS COUNTY. 
NEW YORK. REQUEST FOR INFORMATION PURSUANT TO THE 
COMPREHENSIVE EN VIRONMENTAL RESPONSE. COMPENSATION, AND 

LIABILITY ACT (CERCLA). 42 U.S.C. §§ 960 1-9675 

Two sources of potentially responsive documents were received or discovered th is week and are currently 
under review. First. multiple boxes requested from National Records Center were recei ved by ONR during the week 
of January 23, 20 12 and are in the process of revie w. Nine boxes ha ve been reviewed and 38 remain for review. 
The majority of the boxes conta in classified material and all boxes and documents are in a deteriorated state. 
Revie w and possible production of documents presents challenges. It is amicipated that the review of these boxes 
will be comp leted by February I". This response will be supplemented as soon as possible to address any 
respons ive informat ion found in these sources. 

Second, an additional file folder comaining a I ist o f Office of Naval Research contracts dat ing bac k to 
approximately 1946 was located this week. It is unclear whether the colltraCt records associated with the list slill 
exist. The list does not conta in "accession numbers" needed for archival retrieval. However, some contracts on the 
list contain "job numbers" that can possibly be cross-referenced to idemify a possible accession number. The 
records associated with the identified accession numbers would then have to be orde red from the Wash ington 
National records Center and reviewed. It is anticipated that this process may take a momh or more and the response 
will be supplemented as soon as poss ible to address any respons ive informat ion found . 

Please note that the Navy manages its records pursuan t to the policies contained in SECNA VINST 
5210.8D (Dec. 3 J, 2005 ) and SECNAV Manual 5210.1 (Nov. 2007. incorporating Change I, Sept. 2009). For 
contract related records, the Navy al so follows the Federal Acquisition Regulation (FAR) section 4.805 
requirements for contract documentation retention periods. Because of the age of the information being sought. 
such records most likely would have been destroyed so me time ago or transferred to the National Archives and 
Record Administration (NA RA). Relevant excerptS from Department of the Navy, Records Management Program, 
Records Management Manual [SECNA V M-5 21 0.1 J are enclosed . 

If the Navy locates additional or different information. we will promptly notify EPA If you requ ire 
addit ional information or clarification, I am the Navy's technical point of contact and may be reached at (757)341 -
0392. The Navy 's lega l point of contact is Katherine Wi ll, who may be reached at (757)341 -2106. 

Enclosures: 
Response to EPA Quest ions 
Response to EPA Question 43 
Certifica tion of Answers \0 Request for Information 
Excerpts fro m SECNA V M-5210. J 

Documents Found 

Copy to: 
Caro line Kwan, Remedial Project Manager 
Michael Hayes. Na vy Litigation Office 

Sincerely , 

~;j~~ 
Robert G. Schirmer 
En vironmental Restoration 
Product Line Coord inatOl" 
By d irection of the 
Commanding Officer 



REQUEST FOR INFORMATION 

Section 1.0 Future Communications from EPA 

1. Future EPA Communications: If the Navy requests that future communications from EPA regarding 

the Site be sent to a particular individual or office, provide the name, address, telephone number, e­

mail address and capacity of such individual or office. 

Navy Response: 

Future communications regarding the Site should be sent to: 

Mr. Robert Schirmer 

Environmental Restoration 

Product Line Coordinator 

Naval Facilities Engineering Command, 

M id-Atla ntic 

9742 Maryland Avenue 

Norfolk, VA 23511 

757-341-0392 

Robert.g.schirmer@navy.mil 

Section 2.0 Owner/Operator Information 

2. Identify the Navy's ownership, custody and/or control of the Facility, including: 

a. Nature of the Navy's interest in the Facility between 1943 and 1959; 

b. Dates of acquisition and date of disposition of the Navy's interest and identity of the non-Navy or 

Navy predecessor transferor (on or about 1943) and transferee (on or about 1959); 

c. Describe the different roles and responsibilities of the Navy during periods when the Facility was 

used by the Navy but when ownership or control was vested in others (e.g., Reconstruction Finance 

Corporation, Defense Plant Corporation or General Services Administration); 

d. Dates of operation and date of cessation of operation of the Facility; and 

e. Provide a copy of all instruments evidencing the acquisition or conveyance of the Navy's interest in 

the Facility (e.g., permits, leases, licenses, intra-governmental memoranda of understanding, etc.). 

(see attachment pages NEWT 00041552 - 00041557, NEWT 0041557 and NEWT 0041862 - 0041163 for 

reference to leases and permits to the Navy). 

Navy Response: 



The Navy located a New York Times news article dated September 8,1945 indicating that the 

Reconstruction Finance Corporation had previously cancelled its lease on the aluminum smelting plant 

located at Maspeth, N.Y. Another New York Times news article dated September 25,1945 indicated 

that the Navy's Bureau of Ships planned to retain the Brooklyn Navy Yard's Maspeth Annex for 

"industrial activities" following the war. A third New York Times news article dated December 25,1947 

indicated that the Navy had budgeted $5,000,000 to buy the Maspeth Annex which was at the time 

leased for $163,000 per year. 

The Navy also located two agreements that appear to pertain to the Maspeth Annex. The first is an 

agreement between the Bohack Realty Corporation and the U.S. and dated December 1, 1942 allowing 

the Navy's Bureau of Yard and Docks permission to use Bohack's boat basin for the purposes of 

"compensating PT boat compasses, landing barges and other small naval craft." The second agreement, 

dated September 7,1945, between the Long Island Rail Road Company and the U.S. allowed the Navy to 

use two of the Rail Company's existing sidetracks and switch connections. The agreement indicated that 

it vested ownership of one of the sidetracks in the Navy. 

The news articles and agreements are attached to this response. The agreement with Bohack Realty 

Company references an attachment, but no attachment was located with the document found. No 

other information or documents were located responsive to this question. 

3. Identify all entities to whom the Navy granted rights to the Facility or to any portions thereof, or 

from whom the Navy derived rights to the Facility or any portion thereof, including a description of 

such arrangements, and provide a copy of all instruments evidencing or describing such arrangement 

including, but not limited to, the following: 

a. Lessees, sublessees, licenses, or holders of easements (see, e.g., attachment page NEWT 0020182, 

which refers to a lease to the Government from the Long Island Railroad, which is renewed pursuant 

to the subject attachment). 

b. Contractors, subcontractors, licensees or licensors that exercised control over any materials 

handling, storage, or disposal activity. 

c. Pipelines providing delivery of materials to, distribution within or shipment from the Facility; 

d. Railroads or rail lines providing delivery of materials to or shipment from the Facility; 

e. Barge or other shipping companies providing delivery of materials to or shipment from the Facility; 

and 

f. Governmental agencies, departments or instrumentalities other than the Navy. (see, e.g., question 

number 7, below). 



Navy Response: 

As indicated above, two were located that appear to relate to the Maspeth Annex. The first 

is an between Realty Corporation the U.S. and dated December 1, 1942 

the Navy's Bureau of Yard and Docks permission to use Bohack's boat basin the purposes of 

PT boat compasses, landing and other small naval craft./I second agreement, 

September 7, between the Long and the U.S. allowed Navy to 

use two of the Rail Company's sidetracks and connections. The indicated that 

it vested ownership of one of the sidetracks in the Navy. 

Both agreements are attached to this response. No other information or documents were located 

to this 

4. Ownership of Newtown Creek: At the present time or at any past time, has the Navy or the United 

States on behalf of the Navy: 

a. Owned any portion of Newtown Creek or wetlands associated with Newtown Creek? 

b. Asserted control or exclusive rights to use any area of Newtown Creek or wetlands associated with 

Newtown Creek, for any purpose including, without limitation, dredging, filling, construction, 

maintenance or repair of any facility located in the ,AI",'!'""", the associated wetlands or sediment 

including, by way of bulkheads, rip rap, wharfs, piers, docking, or unloading 

.. .,. ... ' ...... "' .. cranes or over-water facilities? 

c. If the answer to either subparagraph "a" or "b" of this paragraph is yes, identify the areas 

owned or controlled, or over which the Navy has a right to use, provide an explanation of how and 

from whom the Navy acquired such ownership or control, provide a copy of all title documents, 

permits or other instruments where such right was derived, and describe all activities 

conducted pursuant thereto. 

Navy Response: 

Navy located no or information to this 

5. Operations In, Under or Over the Waters or On the of Newtown Creek: 

a. Describe all activities at the Facility that were conducted over, on, under, or adjacent to, Newtown 

Creek. Include in your whether the activity involved hazardous substances, industrial 

petroleum or other waste materials and whether any materials were ever discharged, spilled, 

disposed of, dropped, or otherwise came to be located in Newtown Creek. 



b. Has the Navy, at any time, constructed or operated any facility in or over the waters or on the 

sediments of Newtown Creek, including any bulkheads, rip-rap, pipes wharfs, piers, 

or unloading containment booms, cranes or other on-water or over-water 

c. Has the Navy, at any time constructed, operated or utilized any facility under the waters or 

sediments of Newtown Creek, including without limitation pipes, pipelines, or other underwater or 

under sediment 

d. If the answer to fib" or "c" of this paragraph is yes, please provide including 

the facilities constructed or the dates of such construction, or major 

modification; whether there were into the waters of Newtown Creek with 

construction or maintenance of such facilities, all permits associated with the rnlnd'l"l or 

facilities in operation and the nature of the Navy's authorization to construct or maintain 

Newtown Creek including from whom the operating rights were and 

relevant yt::t::y:::o, licenses and 

of 

e. Provide a summary of over-water activities conducted at the 

any material loading and unloading operations associated with 

but not limited to, 

handling and 

storage berthing and anchoring, ship fueling, cleaning, or 

f. Has 

Newtown 

barges, tankers or other ("vessels") in any on 

if so, provide details? With respect to vessel 

i. products and raw materials transferred to or from ve~iselS and 

such operationsj 

ii. the method of transfer to and from vessels during all periods of 

such 

m. Identify types of vessels utilized, the location at the Facility where 

vessels were moored and describe the docking and mooring facilities at 

the 

iv. vessel or maintenance 

v. Describe vessel if any, 

were how cleaning waste was 

vi. Describe spill prevention controls that were utilized in 

of materials. 

g. State whether any of the operations required to be identified 

or pick-up 

resulted in disposal or spillage 

of any materials into Newtown Creek or the re-suspension of any sediments of Newtown Creek. If the 

answer is a "yes" please provide details and documentation of such events. 

Navy Response: 



As indicated 

u.s. and 

Bohack's 

the Navy located an between the Bohack Realty Corporation and the 

1,1942 allowing the Navy's Bureau of Yard and Docks permission to use 

purposes of "compensating PT boat compasses, landing 

small naval craft." No information or documents were located responsive to this question. 

6. Litigation and Administrative 

a. Has the United on behalf of the Navy, been a party to any litigation, whether as plaintiff or 

defendant, an included liability for contamination of or from the Facility, any 

Newtown Creek Property within feet of Newtown Creek (whether or not owned or operated by 

the Navy)? If yes, identify such litigation and its disposition, briefly describe the nature of the Navy's 

involvement in the litigation and provide a copy of the pleadings and any final order. 

b. Has the United States, on behalf of the Navy, been identified by the EPA or by any New York State 

or New York City agency as a party responsible for environmental contamination with respect to a 

facility located within 1,000 of Newtown Creek? If yes, state the Navy's understanding of 

basis for such notice and provide a copy of any correspondence, orders or 

agreements between the Navy and the governmental agency. 

Navy 

The Navy ',...r'>~c." no or information responsive to this question. 

7. EPA understands that in April 1949, the Navy issued permit Number NOy(R) 44383 to the Atomic 

Energy Commission for the use by the Atomic Energy Commission of certain land at the Facility 

including the use of buildings 

Energy Commission took 

identify 

43.a and 48 at the Facility. Please state whether the Atomic 

of the permitted space, and the term of the permit. Please 

by the Atomic Energy Commission at the Facility and the nature of 

wastes those activities and the methods of waste disposal. Please provide a copy of the 

and of all written materials relating to the occupation and use of the Facility by the Atomic 

Commission. In order to 

for Information is a copy 

Engineers to 

attachment pages 0020157 - 0020160). 

Navy Response: 

your response to this question, enclosed with 

between the Navy and the United States 

Facility by the Atomic Energy Commission. 

The Navy located no documents or information responsive to this question. 

8. Identify each and every Newtown Creek Property (see Definition number 9.b for 

of 

Newtown Creek that the I'llavy presently (or previously) owns (or owned), leases (or 

leased), manages (or operates (or operated), controls (or controlled), or otherwise has or 



had rights to use, manage or operate within the area extending one-thousand 

of Newtown Creek (Definition number 1 above defines "Newtown Creek" to 

branches of Newtown Creek). 

Navy response: 

shoreline 

all tributaries or 

Other than two identified in previous responses, the Navy located no documents or 

to this question. 

Section 3.0 of the Facility 

9. following information Facility, a to each 

map, drawing, surveyor n"I'I"''''''''''' 

a. historic nh"tnur:::l including without limitation, aerial photographs, nh,'\tnUr:::lin 

or commercial processes, sanitary and storm sewer """,""'1'1'\<:: outfalls, indoor 

and outdoor ","ni""'.'''' of materials or products, and photographs during 

b. all surveys and ofthe Facility in your possession showing .. ",tin ... , of Facility; 

c. sewer information, including drawings, sewer surveys or maps showing 

location and configuration of sewer systems; 

d. storm water sewer system information, including drawings, surveys or maps showing location and 

configuration; 

e. all below-ground including, pipes, pipelines, sumps, wells, dry-wells and other structures 

for or conveyance of gaseous or liquid materials, whether above or below 

and Ov.rnF'l! or you or 

liquid or gaseous whether owned or 

g. all over-water or in-water facilities (e.g., piers, docks, cranes, 

containment booms, etc.); 

or transport of 

pipes, treatment facilities, 

h. all treatment or control devices for all media and pursuant to all environmental laws and 

regulations surface water, air, groundwater, hazardous solid etc.}; 

i. groundwater wells, including drilling logs; 



j. information related to any other n .... ,r'n;.o ... " ... facilities or other conveyance 

features and any discharges associated therewith; and 

k. for all items identified in subparagraphs c, d, e, f, g, h, i, or j, locate each such item on a map 

or plan, provide the date of installation, identify all permits associated with each item, state \JII11,,,tl'l"" 

such items are still in service or, if not, when they were removed from service, identify all or 

spills, if any, associated with each, and identify any closure of any such item. 

Navy 

Other than the attachment to the agreement with Island Rail Road Company depicting rail tracks 

and the Navy located no documents or information responsive to this question. 

10. For each environmental permit issued with ""<:""1"1' to the Facility during the Navy's period of 

ownership or operation, identify the type of permit, the agency or governmental authority the 

permit and provide a copy of the permit, the permit application, and any reports required to be 

generated by the permit. 

Navy 

The Navy located no documents or information to this question. 

11. With to the placement of fill at the 

a. Was any fill placed on the facility during the development or redevelopment of the facility by the 

Navy, or at any time thereafter? If so, identify all areas of the facility where fill was placed, the lateral 

extent of the fill and the depth of the fill, the purpose of the placement, the source of the fill, the 

amount of fill in each area, and the identity contractors involved in work related to fill. 

State the fill has ever been before placement or if so, 

provide a copy of the sampling/characterization results. 

b. Were any portions of the Facility historically Newtown Creek or did the Facility Tnrrn",rl\J 

any marshlands or wetlands with Newtown Creek. Please depict any areas on 

a survey, drawing or schematic. Please provide your understanding of who filled any such wet areas, 

approximate date of such fill, and the lateral extent and depth of such fill, the source of fill, 

the of the fill and, if any sampling has ever been done of such filled areas, provide a copy 

of sampling results. 

Navy 

The Navy no documents or information to question. 



12. Provide a copy of all reports, information or data you have related to soil, water (ground and 

surface), or air quality and geology/hydrogeology at and about the Facility. Provide copies of all 

documents containing such data and information, including both past and current aerial photographs 

as well as documents containing analysis or interpretation of such data. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

13. Identify all past and present solid waste management units or areas where materials are or were 

in the past managed, treated, or disposed (e.g., waste piles, landfills, surface impoundments, waste 

lagoons, waste ponds or pits, drainage ditches, tanks, drums, container storage areas, etc.) on the 

Facility. For each such unit or area, provide the following information: 

a. a map showing the unit/area's boundaries and the location of all known units/areas whether 

currently in operation or not. This map should be drawn to scale, if possible, and clearly indicate the 

location and sile of all past and present units/areas; 

b. dated aerial photograph of the Site showing each unit/area; 

c. the type of unit/area (e.g., storage area, landfill, waste pile, etc.), and the dimensions of the 

unit/area; 

d. the dates that the unit/area was in use; 

e. the purpose and past usage (e.g., storage, spill containment, etc.); 

f. the quantity and types of materials (hazardous substances and any other chemicals) located in each 

unit/area; 

g. the construction (materials, composition), volume, size, dates of cleaning, and condition of each 

unit/area; and 

h. If the unit/area described above is no longer in use, explain how such unit/area was closed and 

what actions were taken to prevent or address potential or actual releases of waste constituents from 

the unit/area. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

14. Provide the following information regarding any current or former sewer or storm sewer 



lines or combined sanitary/storm sewer lines, drains, or ditches into Newtown Creek from 

the 

a. the location and nature of each sewer line, drain, or ditch; 

b. the date construction of each sewer line, drain, or 

c. whether each sewer line, drain, or ditch drained any hazardous substance, waste, material or other 

process residue to Newtown Creek; and 

d. provide any documentation regarding but not limited to the following on any and all outfalls to 

Newtown which are located within the boundaries of the Facility. Your response should include, 

not limited to: 

i. whether the Facility is serviced by or otherwise or to the 

outfalls and, if so, the source of the 

ii. the identify of upland facilities serviced by the ""n;;o"",' 

m. the upland geographic area serviced by the and 

iv. the type of outfall (i.e., storm water or or multiple facility outfall). 

Navy 

The Navy located no documents or information responsive to this question. 

15. Provide copies of any storm water or Facility drainage studies, including data from sampling, 

at these Properties on storm water, sheet flow, or water runoff. Also provide 

of any storm water pollution prevention, maintenance plans, or spill plans developed for 

the Navy's of 

Navy 

Navy no documents or information responsive to this question. 

16. Sewer Infrastructure including double barrel sewer: Provide the following information regarding 

sewer or storm sewer lines or combined sanitary/storm sewer lines, drains, or ditches into 

Newtown from the Facility, including specifically, and without limitation, the double 

sewer into Maspeth Creek from the Facility attachment page NEWT 0004301 

location of barrel sewer at the Facility); 

e. .n'-:;lIT.n" and nature of each sewer line, or ditch; 

f. construction of each sewer or ditch; 



g. identify and provide copies of all sewer easements affecting the 

h. all drains at the Facility, interior and exterior, that were tied in to the double barrel sewer, 

and identify the processes producing wastes were of through connections to the double 

barrel sewer; 

i. whether each sewer line, drain, or ditch drained any hazardous substance, waste, 

process residue to Newtown Creek; and 

j. provide documentation regarding but not limited to the following on any and all outfalls to 

Newtown Creek which are located within the boundaries of the Facility. Your response 

but not be limited to: 

or other 

include, 

v. whether the Facility is serviced by or otherwise drains or discharges to the outfalls and, if 

so, the source of the outfall; 

vi. the identify upland facilities serviced by the outfalls; 

vii. the upland geographic area serviced by the outfalls; and 

viii. the type of outfall (i.e., storm water or single or multiple facility outfall). 

Navy Response: 

The Navy located no documents or information to this question. 

17. Connections to New York City sewer "\Ie' .......... attachment page NEWT 0020035): 

a. State whether the Facility was connected to the New York City sewer during the Navy's ownership 

or operation, and the date that the was first connected; 

b. State whether the Facility ever discharged liquid wastes other than through the New York 

sewer system and, if so, provide details on such discharges; 

c. State whether the Facility participated in the New York City pretreatment program, whether the 

Navy has ever been classified as a significant industrial user, whether the has ever been in 

violation of sewer use requirements or permits or received any notices of violation relating to use of 

the New York City sewer system; 

d. Provide any information detailing volume of liquids discharged to the sewers and the nature of 

the discharges including analytical data detailing the makeup of the discharged liquids; 



e. Provide of all permits and permit applications for Industrial Wastewater permits; 

f. Provide of all notices of violations, nc::rrin'tc:: and dispositions 

to Navy's use of the New York City sewer system; 

g. of Baseline Monitoring Reports submitted to NYC in connection with the Navy's application 

for an industrial wastewater discharge permit; 

h. 

i. 

Navy 

of all surveys, reports or analyses delineating or the liquid 

of all periodic monitoring reports for wastes discharged through the sewer 

all invoices from NYC or the NYC Water Board for water and/or wastewater 

any wastewater allowances. 

Navy located no documents or information responsive to this question. 

4.0 Navy's Operational Activities 

18. Provide a description of activities conducted by the Navy (or by other United States 

Government instrumentalities acting pursuant to permit, lease or by the If 

processes, operation, or business activity over 

or activity, the dates when each operation or activity was started 

applicable, Please address all activities conducted at the Facility including, without limitation: 

b. 

of 30,000 tons of NSA (and identify what "NSA" refers to (see attachment page NEWT 

.,i'n.,."c.o of 60,000 tons of coal (see attachment page NEWT 0041555 and NEWT 0004315), 

identification of the scrap materials (see attachment page NEWT UUI.I'i;;) • .a. 

storage of salvage material removed from various at the 

page NEWT 0004315); 

of guns, ordnance and other equipment and processing diesel 

page 0004236 and NEWT 004220); 

parts (see 

c. Activities in connection with operation of the US Naval Shipyard: Brooklyn, NY Maspeth annex 

e.g. attachment page NEWT 0004436); 



d. and automotive and activities in building 45 at the Facility attachment 

page NEWT 0004315 and pages NEWT 0004538 0004539 (Building 45}); 

e. Activities conducted by other (,nUPlrnl'1npl't~ including without the Atomic 

Commission (see question number 7, below); 

f. building or vessel maintenance if any; and 

g. All other activities conducted by the Navy or by others during the time that the Navy had custody or 

control of otherwise owned or operated the Facility. 

Navy 

The Navy located several documents information activities conducted at the 

site. documents are attached to this response. The Bureau of Guns and Mounts No. 

75 document indicates that a small arms shop existed at Maspeth Annex. document further 

that "these shops were equipped to complete major overhaul, inspection, and packaging." The 

New York Times article of September 1945 indicates that the Navy to the Maspeth 

Annex following the war for "industrial activities." The New York Times December 1947 

that the Navy was, at that the property as a storage depot The article further 

that two aluminum smelting plants were present on the site. A New York Times news article of 

10, 1948 indicates that the Navy supplied emergency diesel oil for the public during a heating 

crisis. One the depots where oil was "poured into police certified trucks" was "the Maspeth 

terminal of the Sylvestre Oil Company." 

one of the two agreements in earlier responses indicated 

to use Bohack Realty Corporation's basin for the purposes 

landing barges and other small naval craft." The second :I/'n'oo""o 

the Navy had the right 

PT boat 

with the Long Island 

Company indicated that the Navy had the right to use two of the Rail existing 

and switch connections. It is unclear from these agreements when or if these activities 

started or when they ceased. 

Finally, while not specifically conducted at site, it appears that the Navy a research 

(Project Whirlwind) at the Institute for Technology (MIT) that was connected 

with Maspeth Annex. The Office of Naval Research (ONR) replaced the Office of Research and 

Inventions (ORI) in 1946. Whirlwind sometime during World War II as an ORI sponsored 

project and was completed in 1951 ONR sponsorship according to internet sources. According to 

Whirlwind Summary Report No.1, the involved "a program investigation and 

development in the field of high-speed digital computation./I The 

aimed at the solution of aircraft stability and control problems" and 1944." 



to a index of possible archive at IVIIT obtained from the internet, MIT may be 

in of records or documents related to Whirlwind. Some index entries that 

may exist regarding the use material for the project that was at the 

Annex. A CD containing the summary report of the project, as well as a hard copy 

portion of the report and a partial index of 

response. 

archive holdings held at MIT is to this 

Aside from the information identified above, no other information or documents have currently been 

to this question. As stated in cover letter however, additional sources 

information related to this question been located and are in the process review. The 

response will be supplemented to address any information found. 

19. Attachment pages NEWT 0004538 - 0004540 appears to show "Department and Division" and 

of a number of buildings at the 

pages NEWT 0004312 - 0004318 

condition on June 30,1945." Attachment 

of usage as of May 1941. 

identify the responsibilities of the following Divisions and describe in the 

following uses, including chemicals used in such activities, solid and liquid waste connections 

to sewers for liquid wastes and waste disposal: 

Department and Division 

Industrial Ordnance 

Industrial Ordnance 

Industrial Ordnance 

Ordnance 

Industrial 

Industrial Production 

Supply 

Public Works 

Public Works 

Navy 

Navy located no documents or information 

20. Did the Navy store or combust coal at the 

your answer is yes, please respond to the 

Navy operated at or owned 

Use 

Salvage and Reconditioning 

Heavy Ordnance 

Inspection & Assembly Including Small 

Arms 

Reconditioning Assembly and Inspection 

Internal Combustion 

Reconditioning 

::'>DI~ui,jllndustrial 

Supply Functions at IYld;)U~:U 

Receiving and Shipping 

Garage & Oil Storage 

Boiler House 

to this question. 

and 

during the time of its ownership or operation? If 

for information for all periods of time 

(please refer to attachment page NEWT 0041555 

of coal and attachment page 0004540 containing Facility map depicting large coal 

area adjacent to Newtown Creek): 



a. Identify the purposes for such coal storage or combustion, including if used in energy production, 

the processes in which the energy was used at the Facility; 

b. State the means by which the shipments of coal were delivered to the Facility, whether by barge, 

rail, truck or other, and identify the shipper and the vendor. Describe how the coal was received at 

the Facility and transported to storage facilities; 

c. Identify the volume of coal received at the Facility, the type or types of coal (Le. bituminous, 

anthracite, etc.) received and consumed on an annual basis during the period of the Navy's ownership 

or operations, including changes over time; 

d. Describe the means of storage of coal at the Facility, including whether the Facility employed coal 

pockets or other storage areas, the dimensions and volume of such storage facilities, and whether 

such storage was indoors or outdoors and covered or uncovered. Identify on a Facility map or diagram 

the location of the coal storage facilities. Describe the means of transport of the coal from the storage 

facilities to the combustion point; and 

e. Identify how the coal ash was managed including the location and storage facilities for the coal ash, 

and whether indoors or outdoors, covered or uncovered, the means of conveying the ash to the on­

site storage facilities, the location of the storage facilities, and, if sent for disposal, identify the 

disposal companies. State whether the ash was ever used at the Facility, whether as fill or for any 

other purpose, or otherwise disposed of at the Facility and, if it was describe the circumstances and 

identify the areas of disposal on a Facility map. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

21. Describe the receipt and storage of chemicals, raw materials, intermediary product, fuel and final 

product at the Facility. For each question, identify the time period covered by your response. Please 

provide a copy of Navy manuals that over time were in effect describing these procedures. Please: 

a. Identify chemicals acquired for use at the Facility including the identification of each such chemical, 

the purpose for which it was used and the method and location of use and storage at the Facility. 

Describe all processes for which each such chemical was used at the Facility. Please provide Material 

Data Safety Sheets (MSDSs) for each such chemical. Identify all spills, emissions, discharges and 

releases of any such substances at or from the Facility. 

b. Identify metals and metal compounds (including but not limited to raw materials, scrap, 

byproducts, ash, wastewater and wastes containing metals or metal compounds but not including 

metals as components of structures or equipment) acquired for use at the Facility and the method and 



location of use and storage at the Facility. Please provide MSDSs such chemical. Identify all 

discharges and releases of any such at or from 

c. For polychlorinated biphenyls (PCBs): identify any PCBs previously or currently 

present at the Facility including, but not limited to 

or otherwise 

(i) PCBs in plasticizers, fire retardants, 

additives for adhesives, and other materials; 

(ii) PCBs in capacitors, transformers, vacuum pumps, hydraulic 

and 

(iii) PCBs in raw materials, wastes, wastewater, scrap, and byproducts; 

and other devices; 

Identify the purpose for each of them, any PCB testing done on such materials, and the method and 

location of use, storage and other handling of PCBs at the Facility. Identify all spills, emissions, 

discharges and releases of any PCBs at or from the Facility. Please provide any MSDSs for PCBs at the 

Facility. 

d. Provide copies of any records, including Navy manuals or written procedures that you have in your 

possession, custody or control relative to the activities described in this 

Navy Response: 

Aside from the February 10, 1948 New York Times article indicating that the Navy provided heating oil to 

the public during a heating crisis, the Navy found no other information or documentation 

this question. 

22. For all periods of the Navy's ownership or operation of the Facility, 

transported off the Facility for disposal or treatment were handled, 

transport to the disposal facility. 

Navy response: 

The Navy located no documents or information responsive to question. 

how wastes 

to 

to 

23. Describe the cleaning and maintenance of the equipment and machinery involved in operations at 

the Facility, including but not limited to: 

a. the types of materials used to dean/maintain this 

b. the monthly or annual quantity of material 

c. the used to clean up those 

d. the methods used to clean up those spills; 



e. where the materials used to clean up those were disposed of; 

f. provide copies of Navy manuals or procedures relating to cleaning of equipment and m~lrl1'ln.·rv 

the Facility; and 

g. provide copies of all records of such cleaning and maintenance including internal records and 

records from any outside vendor for such services. 

Navy Response: 

The Navy located no documents or information to this 

24. Describe all wastes disposed by the Navy into drains at the Facility, including but not limited to: 

a. the nature and composition of type of waste; 

b. the approximate quantity of those wastes disposed by month and year; 

c. the location to which these wastes drained Facility drains to Newtown Creek, sheet flow to 

Newtown Creek, 

New York 

or storage tank at the Facility, oil-water separator, pre-treatment 

sewer system); and 

d. whether and what pretreatment was ",,.""'11'10" 

Navy Response: 

The Navy located no documents or information responsive to this 

25. Identify all oil/water separators at the during the Navy's ownership or operation including 

dates of installation, of replacement or major modification, purpose of installation and source 

of influent, and location of discharge. Provide a copy of each application, influent 

and effluent results and copies of all submissions to city or county 

or public health relating to oil/water co •• "",.'"'I',, 

Navy Response: 

The Navy located no documents or nTr,rrr,,, to this 

26. Identify each fixed above-ground storage tank and each fixed below-ground storage tank that is or 

was situated on the Facility during the Navy's ownership or operation. For 

of installation, the dates and nature of modifications, and 

tank, identify 

or drawings of 

date 



contents that have been in the both before (if known) or the Navy's 

or operation, and the of at the time of any change in items and 

the manner of ultimate disposal of wastes from the tank. for 

from and identify all spills that during the Navy's ownership 

Provide a copy of all permits relating to the tank and provide a copy of all Navy written manuals or 

procedures, including manuals that have been superseded by newer manuals or nI"IU'I3,tili 

addressing use and maintenance of such tanks. 

Navy 

The Navy located no documents or information to this question. 

27. Identify each pipeline serving the Facility that is or was situated on the Facility property (either 

above- or below-ground) during the Navy's ownership or operation. For each pipeline, identify the 

owner and the operator for the pipeline the If there are owners or 

operators of the pipeline for the segments on the Facility and the segment off the 

Facility, identify all such owners and provide a copy of all maintained 

by the Navy relating to the pipeline on the 

materials transported to the Facility through the 

petroleum, petroleum products, additives, 

and the date of installation. Please 

including, without limitation, 

refining materials, batch 

all 

gas, 

gas, other fuels, chemicals and/or other materials. Describe pipeline processes 

for handling and disposal of wastes in the pipelines including mixed of 

materials in the pipeline. Identify procedures for addressing spills from the pipelines and identify all 

that have occurred during the Navy's ownership or operation of the Facility. provide a 

copy of all Navy written manuals or including manuals that have been superseded by 

newer or procedures, which or use and pipelines. 

Navy 

The Navy no documents or to this question. 

Section 5.0 Regulatory Information 

28. Identify each federal, state and local authority that regulate or regulated environmental concerns 

to the ownership or operation at the Facility, the activity regulated, the applicable 

state and local statute or from which such regulation was derived. 

Navy 

The Navy no documents or to this 



29. Describe all occurrences associated with violations, citations, and/or ttLLI'''''''' 

concerning the Facility related to environmental concerns. Provide copies of all documents associated 

with each occurrence described. 

Navy 

The Navy no documents or information responsive to this question. 

30. Provide a list of local, state and federal environmental permits which have been applied for or 

issued to with to Facility for any media, e.g., water SPDES and NPDES, 

NYC sewer Pretreatment Program or any other wastewater related 

governmental excavation and fill in tidal 

solid waste or hazardous waste, bulk cof-n,t''''''''' any 

environmental statute or Provide a copy of each federal and state 

for 

Navy 

The Navy located no documents or information responsive to this 

31. Has the Navy or any contractor or agent associated with the Navy or any individual associated 

with any of the foregoing ever been accused of any criminal violation in connection with any 

operation at the Facility. If so, describe the disposition of such accusation and provide details on such 

accusation. 

Navy 

no or information responsive to 

32. Was a of Hazardous Waste Activity ever filed with EPA or New York State for any 

activity at during the period that the Navy owned or at If so, provide 

a copy of such notification and the response given by EPA or New York State including the RCRA 

identification number assigned. 

Navy 

The Navy no documents or information responsive to this 

33. Identify all state or City offices to which the Navy has sent or hazardous or 

hazardous waste information with regard to the Facility or Other Newtown Creek Properties. State 

the years during which such information was sent/filed. 



Navy 

Navy no documents or information to this question. 

34. Has the Navy or the Navy's contractors, tenants, or agents, ever contacted, provided 

or made a report to the New York State of Environmental Conservation or New 

York City Department of Environmental Protection or any other state or city agency an 

spil" release, or other event involving the Facility or involving Newtown Creek? If 

so, incident, accident, spill, or other event and provide all 

communications between the Navy or its and NYSDEC, NYCDEP, NYSDOH, NYCDOH or any 

state or city agency. 

Navy located no documents or information to this question. 

6.0 Facility Releases, Investigations and Remediation 

35. Identify all leaks, spills, or releases into environment of any waste, including 

the 

pollutants, or contaminants, industrial waste or petroleum that have 

In addition, identify and provide copies of any documents regarding: 

a. of each releases; 

at or from 

b. how the releases occurred, e,g. when the substances were being stored, delivered by a vendor, 

tl'::In<:r\nrt",ri or transferred (to or from any barrels, or recovery 

c. identity of the material released and amount of each released; 

d. where such relf~aSI~S occurred; 

e. activities undertaken in response to each such release or threatened including the 

notification of any agencies or governmental units about the release and the remediation and the 

regulatory disposition concerning such and 

f. identify all explosions or other events that have at the Facility during the 

Navy's or operation that response either by a Facility or a New York 

City responder or that was the subject of a subsequent investigation by a New York City agency. 

Identify location on a Facility map of the events occurred the items that 

were combusted in whole or part, .".<J .. ,,' without limitation, hazardous sulJstanc:es pollutants or 



contaminants, industrial waste or petroleum. Provide a copy of all reports of the event, whether such 

reports are the Navy's private reports or are public reports in the Navy's possession. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

36. Was there ever a spill, leak, release or discharge of waste, or process residue, including hazardous 

substances; pollutants, contaminants, industrial waste; or petroleum, into any subsurface disposal 

system or floor drain inside or under a building on the Facility? If the answer to the preceding 

question is anything but an unqualified "no", provide details of each event and any communication 

with any federal, state or city regulatory body. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

37. Has any contaminated soil ever been excavated or removed from the Facility? If your answer is 

yes, identify and provide copies of any documents regarding: 

a. reason for soil excavation; 

b. location of excavation presented on a map or aerial photograph; 

c. manner and place of disposal and/or storage of excavated soil; 

d. dates of soil excavation and amount of soil excavated; 

e. all analyses or tests and results of analyses of the soil that was removed from the Facility; 

f. all confirmatory analyses or tests and results of analyses of the excavated area after the soil was 

excavated and removed from the area; and 

g. all persons, including contractors, with information about (a) through (f) of this question. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

38. Have you treated, pumped, or taken any kind of response action on groundwater under the 

Facility? If your answer is "yes", identify and provide copies of any documents regarding: 



a. reason for groundwater action; 

b. whether the groundwater contains or contained hazardous substances, pollutants, contaminants, 

industrial waste, or petroleum, what the constituents are or were which the groundwater contained, 

and why the groundwater contained such constituents; 

c. all analyses or tests and results of analyses of the groundwater; 

d. if the groundwater action has been completed, describe the basis for ending the groundwater 

action; and 

e. all persons, including contractors, with information about (a) through (d) of this question. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

39. Was there ever a spill, leak, release or discharge of a hazardous substance, waste, or material into 

Newtown Creek from any equipment, structure, or activity occurring on, over, or adjacent to the 

Creek? If your answer is "yes", identify and provide copies of any documents regarding: 

a. the nature of the hazardous substance, waste, or material spilled, leaked, released or discharged; 

b. the dates of each such occurrence; 

c. the amount and location of such release; 

d. whether sheens were created on the Creek by the release; and 

e. whether there ever was a need to remove or dredge any solid waste, bulk product, or other 

material from the Creek as a result of the release? If so, please provide information and description of 

when such removal/dredging occurred, why, and where the removed/dredged materials were 

disposed. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

40. Describe the purpose for, the date of initiation and completion, and the results of any 

investigations of soil, water (ground or surface), sediment, geology, hydrology, or air quality on or 

about the Facility. Provide copies of all data, reports, and other documents that were generated by 



the Navy or any contractor or or by a federal or state regulatory agency to the 

investigations that are 

Navy Response: 

The Navy located no documents or information responsive to this question. 

41. Describe any remediation or response actions that the Navy or its agents or consultants ever 

taken or are currently taking at the Facility, either voluntarily or as required by any or 

federal entity. If not otherwise already provided under this Information Request, provide 

enforcement agreements with regulatory agencies pursuant to which such response actions were 

undertaken as well as all reports of investigations or cleanup activities on the Facility. 

Navy Response: 

The Navy no documents or responsive to this question. 

42. Provide a copy of all environmental investigation reports of the Facility including investigations 

undertaken at the times of acquisition and transfers of the Facility by the Navy. 

Navy Response: 

The Navy located no documents or information responsive to this question. 

Section 1.0 Compliance with this Request 
43. Persons and Sources Consulted in Your Response: Identify all persons, other than counsel, 

Navy consulted, and all sources that the Navy raviewed in responding to this request, including, 

not limited to: 

a. the names of persons consulted, the contact information for such person, and if the person is a 

current or former employee, the job title and responsibilities for such persons and the dates of 

employment, and identify the person was consulted about; and 

b. a description and the location of where all sources reviewed are currently located and the 

questions to which such sources 

Navy Response: 

Please see attached document to Question 43." 

44. Identify all individuals who currently have and those who have had responsibility for the 

all 



Navy's environmental matters responsibility for the disposal, treatment, 

sale of the Navy's wastes) at the Facility. Also provide each such individual's job title, duties, 

performing those duties, supervisors for those duties, current position or the date of the individual's 

resignation, and the nature of the information possessed by such individuals concerning the Navy's 

waste management. 

Navy Response: 

No individual currently has such responsibility. The Navy located no other documents or 

responsive to this 



Response to Question 43 

43. Persons and Sources Consulted in Your Response: Identify all persons, other than counsel, that the 

Navy consu lted, and all sources that the Navy reviewed in responding to th is request, including, but not 

limited to : 

a. the names of persons consulted, the contact information for such person, and jf the person is a 

current or former employee, the job title and responsibilities for such persons and the dates of 

employment, and identify which questions the person was consulted about; and 

b. a description and the location of where all sources reviewed are currently located and the questions 

to wh ich such sources relate . 

Navy's Response: In light of the age of the potential documents and information requested, the 

contacts listed below were consulted about all questions and the source locations listed below were 

reviewed for information related to all questions. 

Persons Consulted: 

Rick Albert 

MSFSC, N7 Director of Engineering 

Mi litary Sealift Fleet Support Command 

471 C Street, Bldg SP-64 

Norfolk, VA 23511 

757 ~443~5957 

rick.albert@navv.mil 

Date of employment: Current employee, May 2007 - present 

David Allen 

N43A, Class Manager, Fleet Replenishment Oilers 

Military Sealift Fleet Support Command 

471 C Street, Bldg. SP-64 

Norfolk, VA 23511 

757-443-2760 

david.g.allenl@navv.mij 

Claudio Azzaro 

N43E, Class Manager, MSC Specia l Mission Ships 

M ilitary Sealift Fleet Support Command 

471 C Street, Bldg. SP-64 

Norfolk, VA 23511 



757-443-2776 

Andy 

N43C, Class 

Military 

471 C 

MSC, Dry Cargo/Ammunition Ships and High Speed 

Norfolk, VA 23511 

757-443-2780 

Bonnie 

SP-64 

Librarian and NARA 

Naval Facilities 

6506 Hampton Blvd. 

Norfolk, VA 23508 

757-322-4785 

Manager 

Command, Atlantic 

employment: Current employee, July 1993 - present 

Roxanne Davis 

Realty 

Naval 

9742 Maryland Avenue 

Norfolk, VA 23511 

757-341-2002 

Command, Mid-Atlantic 

Current employee, September 2007 - present 

Deidre D. 

Director of Contracts 

Military 

471 C SP-64 

Norfolk, VA 23511 

757-443-5877 

Command 

Dates of employment: Current employee, July 1987 -

Aaron Furman 

MSC Technical Library Director 

Military Fleet Support Command 

LP-26 



Norfolk, VA 23511-2914 

757-443-2627 

aaron.j.furmanl@navy.mil 

Dates of employment: Current employee, July 2011- present 

Stephanie Harvey 

Contract Closeout Specialist 

Office of Naval Research 

875 North Randolph Street 

Arlington, VA 22203 

703-696-4524 

Stephanie.harvey.ctr@navy.mil 

Dates of employment: Current ONR Contractor with 23 years experience 

Brian Helland 

Remedial Project Manager 

BRAC Program Management Office l\Jortheast 

4911 South Broad Street 

Philadelphia, PA 19112 

215-897-4912 

Brian.helland@navy.mil 

Dates of employment: Current employee, 1986 - present 

Mark Helmkamp 

N43D, Class Manager, MSC Ocean Tug and Salvage Ship 

Military Sealift Fleet Support Command 

471 C Street, Bldg. SP-64 

Norfolk, VA 23511 

757-443-2780 

mark.helmkamp@navy.mil 

Dates of employment: Current employee, October 2008 - present 

Alma Henry 

Supervisory Architect, 

Acting Asset Management Business line Team leader 

Naval Facilities Engineering Command, Mid-Atlantic 

9742 Maryland Avenue 

Norfolk, VA 23511 

757-341-1984 

Alma.henry1@navy.mil 

Dates of employment: Current employee, September 1983 - present 



Andrea Hicks 

NAVSEA 

Naval Sea Command 

1333 Issac Hull Avenue, S.E. 

Washington Navy Yard, DC 20376 

202-781-2466 

Current employee, February 2010 - present 

IT 

Naval Sea '-\JCTon"" Command 

1333 Issac Hull S.E. 

DC 20376 

Dates 

Tonya 

ONR Records 

Office of Naval Research 

875 North Randolph Street 

Arlington, VA 22203 

703-696-4623 

Klima 

SEA 04XI, 

Naval Sea 

1333 Issac Hull 

Current employee, past 16 years 

and Equipment 

and Shipyard Oversight 

Command 

S.E. 

Washington Navy Yard, DC 20376 

202-781-1598 

Dates of employment: Current employee, October 1980-

Matthew Kurtz 

Product Line Real Estate Contracting Officer 

Naval Facilities Command, Mid-Atlantic 

9742 Maryland Avenue 



Norfolk, VA 23511 

757-341-0283 

Current employee, January 1989 - present 

Fred McKenna 

Deputy Director 

Military 

U.S. Navy's Military 

471 C SP-64 

Norfolk, VA 23511 

757-443-2702 

Stephanie 

Archival 

Washington National 

4205 Suitland Road 

Suitland, MD 20746 

Diana Nichols-Gilchrist 

Contract Closeout 

Office of Naval Research 

875 N. Randolph Street 

Arlington, VA 22203 

Command 

Center 

Dates of Employment: Contractor with 38 years experience 

Arlyn Penaranda 

Enterprise 

Military Sealift 

Management Assistant 

914 Charles Morris SE 

Navy yard, 20398-5540 

202-685-5308 

Ryan Pierce 



Naval Facilities Engineering Command, Mid-Atlantic 

9742 Maryland Avenue 

Norfolk, VA 23511 

757-341-2000 

Rya n. t. pierce@navy.mil 

Dates of employment: Current employee, August 2006 - present 

Michael Ricci 

N43B, Class Manager, T-AE / T-AOE & T-AGM 25 

Military Sealift Fleet Support Command 

471 C Street 

Norfolk, VA 23511 

757-443-2761 

michael.ricci1@navy.mil 

Dates of employment: Current employee, February 1987 - present 

Linda Rucker 

Business/Financial Manager 

NAVSEA Liaison for Environmental, Safety and Health Programs 

Naval Sea Systems Command 

1333 Issac Hull Avenue, S.E. 

Washington Navy Yard, DC 20376 

202-781-1807 

Linda.rucker@navy.mil 

Dates of employment: Current employee, September 1987 - present 

Ryan Sasse 

Realty Specialist 

Naval Facilities Engineering Command, Mid-Atlantic 

9742 Maryland Avenue 

I\lorfolk, VA 23511 

757-341-2004 

Ryan.sasse@navy.mil 

Dates of employment: Current employee, April 2009 - present 

Matthew Staden 

Navy Records Manager 

Office of the Chief of Naval Operations, 

Director of Navy Staff (Deputy DNS-5) 

720 Kennon Street, S.E., Bldg. 36 

Washington Navy Yard 

Washington, D.C. 20374 



202-433-4217 

Matt.staden@navy.mil 

Kenneth Williams 

MSC Enterprise Records Manager 

Military Sealift Command 

914 Charles Morris Court, SE 

Washington Navy yard, 20398-5540 

202-685-5718 

Kenneth.j.williams1@navy.mil 

Dates of employment: Current employee, February 2004 - present 

Dominick G. Yacano 

Associate Counsel 

Commander, Navy Region Mid-Atlantic 

Office of Counsel 

1510 Gilbert Street, Bldg. N-21 

Norfolk, VA 23511 

757-444-1395 

Dominick.yacono@navy.mil 

Dates of employment: Current employee, September 2010 - present 

Stephanie Zamorski 

Rea I Estate Specia list 

BRAC Program Management Office Northeast 

4911 South Broad Street 

Philadelphia, PA 19112 

215-897 -4905 

Stephanie.zamorski@navy.mil 

Dates of employment: Current employee, November 1989 - present 

Sources Reviewed and location: 

1) Naval Sea Systems Command, Washington Navy Yard, D.C.: 

04XI databases (Installations and Equipment) 

NAVAL SO database (Navy Asbestos related documents dating to 1880) 

All Access Databases: RG181Shore, RG346NAVORD, RG3130perating Forces, RG19BUSHIPS (containing 

drawings, plans, files, contracts, etc. stored at Washington National Records Center) 

2) l'Javal Facilities Engineering Command, Mid-Atlantic, Norfolk, VA: 



Building LP-20 (Real Estate Records Archive) 

3) BRAC Program Office, Philadelphia, PA: 

and hardcopy records at BRAC Program Management Office 

4) Commander Navy Region Mid-Atlantic, Norfolk, VA: 

Internet search 

of Naval Arlington, VA: 

ONR Contract Records and SF 135s (Records Transfer and Receipt). The ONR contracts department 

located an file folder a list of ONR contracts dating back to approximately 1946. It 

is unclear whether the contract records associated with the list still exist. The list does not contain 

"accession numbers" needed for archival However, some contracts on the list contain 

numbers" that can possibly cross-referenced to identify a possible accession number. The records 

associated with the identified accession numbers would then have to be ordered from the Washington 

National records Center and reviewed. It is anticipated that this process may take a month or more and 

the response will be supplemented as soon as possible. 

6) Washington National Records Suitland, MD: 

Search for items in ONR Search Number W298-0005411 under SF 135 dated 16 

1950; Accession N W298-0007718 under SF 135 dated 2 1952; Accession 

number W298-0010019 under SF 135 dated 14 June Multiple boxes from National 

Records Center were received by ONR during the week of January 23,2012 and are in the process of 

review. Nine boxes have been reviewed 38 remain for review. The majority of the boxes contain 

material and all boxes and documents are in a deteriorated state. Review and 

production of documents challenges. It is anticipated that the review of these boxes will be 

completed by February 1st
• This response will be supplemented as soon as to address any 

responsive information found in sources. 

7) Facilities Engineering Command, Atlantic, Norfolk, VA: 



NAVFAC electronic files, index of maintained hardcopy files, NARA Online information for 3
rd 

Naval 

District 

8) Military Sealift Fleet Support Command, Norfolk, VA: 

Hardcopy and electronic files at MSFSC offices in Norfolk 

9) Military Sealift Command, Washington Navy Yard, D.C: 

Review of SF 135s (Records Transfer and Receipt) 



CERTIFICATION OF ANSWERS TO REQUEST FOR INFORMATION 
NEwrOWN CREEK SupERFUND SITE 

, .. 
State of Vlr~o.,... 

County of Y) ~ 

I certify under penalty of law that I have personally examined and am familiar with the 
information submitted in this document (response to EPA Request for IrOOnnation) and all 
docwnents submitted berewith, and that based on my inquiry oftbose individuals immediately 
responsible for obtaining the information, I believe that the submitted iIUbnnatioD is true, 
accurate, and complete, and that all docwnents submitted herewith are cOOlplete and authentic 
unJess otherwise indicated. I am aware that there are significant penaltie. for submitting false 
information, including the possibility affine and imprisonment (am also aware that the Navy is 
under a continuing obligation to supplement its response to EPA's Requelt for Information if any 
additional information relevant to the matters addressed in EPA's Request for Information or my 
Navy's response thereto should become known or available to the Navy. 

2o&>g 7 G 5 ull[?meR 
NAME (print or typt) 

ENI.//E o AIIY)(,vML {kS 7011fl-t'/O/V PLC 
TITLE (print or typo) 

1'vl}v r1h . /l')ID- LIj,v I 
NAVY NAME 

SIGNATURE 

Sworn to before me this :21 rt. day of JA.I'I<:i0I.2:-

N~~~ 
My commission expires: II /s 0 /zt; /.3 

r f 

16 

SV'C\· 3 
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Destroy 2 years after approval or disapproVllI. (Nt­
NU-894) 

b. Corre5pondence or Memoranda. Records 
pertaining to awards from other government agellcies or 
private orgallizations. 

Destroy when 2 years old. (NI-NU-894) 

2. Length of Service and Sick Leave Awards File. Records 
including correspondence, memoranda, reports, 
computations of service lind sick leave, and list of 
awardees. 

Destroy when I year old. (NI-NU-89-4) 

3. Lellers of Commelldatioll lind Appreciation. Copies of 
leliers length of servil::e and retiremellt and 
lellers of appreciation and commendation for 
performance. (Exclude copies filed in the Official 
Persollnel Folder (OPF).) 

Destroy when 2 years old. (NI-NU-894) 

4. List or Illdexes to Agellcy Award Nominations. List of 
nominees and winners alld Illdexes of lIominatiollS. 

when superseded or obsolete. (NI-NU-894) 

5. Departmental Level AWllrds Files. Records relating to 
award! made at the departmental level or higher 
(Presidentilll., Secretarial, etc.). 

PERMANENT. Transfer to FRC when 4 years old. 
Offer to NARA when 20 yellrs old. (NI-NU-894) 

RECQRDS 

Name and Sponsor Fites. General Correspondence 
pertaining to Christening Ceremollies. 

PERMANENT. Retire 10 WNRC when 4 years old. 
Transfer to NARA when 20 years old. (Nl-NU-894) 

These Records ate Accumulated by Librarians or Olhers 
Respollslble for Malnlllining Library Collectiolls. 

I. Library Calalog and Source Cards, List Books, 
Magazilles, Reports, lind Other Library Mllierlllis. 

Destroy Immediately after all copies of publications 
are withdrawn from the Ubrary collectloll. Transfer 
catalog cards for any material transferred to NARA 
with records. (N1-NU-894) 

2. Shelf Lists. Records of all documents making up 
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Destroy when library is diseslablished. (NI-NU-89-4) 

3. Chargeoul Record!!. cards or other records 
of material on loan, waiting lis Is, overdue notices, and 
otller similar conlrol records. 

Destroy when document is returned or inventoried, 
after chargeoul card is filled, or after appropriate 
action has been taken. (Nl-NU-894) 

4. Inter-Library Loan Logs or Other Similar Records. 

Destroy when 4 years old. (NI-NU-894) 

5. Technical Publications Library (TPL) Records. flIes 
copsis! of publications designated lIS Code 4 pUblications In 
Ihe Navy (forms and publications) supply system and other 
similar non-Communlcatlons Material System (CMS)­
distributed publicatiops lIpd accumUlated by commllnds 
and by other nllvalactivlties lind offices. 

lI. Transllction Files. Copies of all correspondem:e 
pertaining to the handlillg of the TPL publications, 
Ipcludlpg local memoranda, allowllllce lists, and cbange 
entry certification forms. 

Destroy when 2 years old. (NI-NU-894) 

b. Custody Record Files. Files ofTPL cahllog cards 
for ellch basic puhlicalion under control in the TPL. 

Deslroy 2 years after pllbliCIIlion is trallsferred, lost or 
destroyed. (NI-NU-894) 

c. Change Entry Certificatioll Forms. Upper portion. 
of form used as receipt for (See also SSIC 
5070.5a.) 

Destroy when date of change elltry Is made 011 TPL 
catalog card. (NI-NU-894) 

d. Inventory Reports ofTPL Material on board. 

Destroy when 2 years old. 

l. The U.S. Army has Lead Responsibility for the DOD 
Civil Affairs alld Military Government Program. 

Apply Army Record Information Mallagement System 
(ARIMS) (AR) 25-400-2 for descriptions of records 
and dlsposalauthorilles. (NI-NU-894 



I. Drinking Water Records. Forms lind correspondence 
documenting results of tests. alllllyses, and measurements. 

a. Bacteriological Results. 

Destroy when S years old. (NI-NU-89-") 

b. Chemical/Physical Results. 

Destroy when 10 years old. (NI-NU-89-4) 

2. Hazardous Waste Records. 

a. Manifests and Copies of ReportM Submitted til 
Environmental Protection Agency (EPA). 

Destroy when 3 years old. (NI-NU-89-4) 

b. Test Results or Waste Analyses. 

Destroy 3 years after waste Is sent to a Treatment 
Storage Disposal (TSD) facility. (N1-NU-89-4) 

c. Transporter Records. Copies of manifests signed by 
the transporter and TSD facility 
owner/operalor. 

Destroy 3 years from date of acceptallce by original 
transporter. (NI-NU-89·") 

d. Inspection and Maintenance Records of PCB 
Transformers or Electromagnets. 

Destroy 3 years after disposal of 
transformer/electromagnet. (NI-NU·89-4) 

e. PCB Inventory, Validation and Accountability 
Records. 

Destroy when 3 years old. (NI-NU-89-4) 

3. Hazardous Substance Records. Includes reports lind 
other records required by the Comprehensive 
Environmental Response Compensation Liability Act. 

Retire to nearest fRC 3 years after completion of 
response action. Deslroy when SO years old. (Nt-NU-
89-4) 

II. Management Plans and support documelltation. 

Destroy when superseded or obsolete whichever is 
later. (NI-NU·89-4) 

4. General Ellvironmental Reports lind Documentation 
Not Covered Elsewhere In this Manual. Includes 
environmental assessments; environmental impact 
statements; IIfe-cycie analyses; documentation of 
compliance/noncompliance; documentation required by 
the Army Corps of Engilleers; site Inspections; 
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communications with non-DOD Federal, State, Local and 
Foreign environmental authorities; and all other 
documentation required by law. regulation, and executive 
order, including reports to the EPA. Records Include the 
affect of activities on air quality; tideland and fresh water 
wetland resources; wildlife; protected threatened, and 
endangered species; woodland resources; cOllstal alld 
contiguous zone waters; noise levels; farm lalld; private 
property; land/property of historical/archeological value; 
and toxic wasle sites. Note: current edition of OPNAV 
INSTRUCTION 5090.1 contains up-to-date lists of currenl 
laws, executive orders, regulations, and directivl"!. 

Retire to nearest FRC when 5 years old. Destroy when 
Jil years old. (Nl-NU·89-4) 

S. Control of Lead and Copper. Marille Corps owned and 
operated public water systems In the Uniled States subject 
to the Lead and Copper Control requirements must retain 
original records of all sampling dala and analysis, reports, 
suneys, letters, evaluations, schedules, stale 
determinatiollS, and any other information requires in 40 
CFR 141.81 through 40 CFR 14U8. 

(Note: Electronic version of records created by electronic 
mail and word processing application: Delete when !iIe 
copy Is generated or when no longer needed for reference 
or updating.) 

Retire to FRC after 3 yean and destroy after 12 years. 
(NI·NU-OO-I) 

The records described in Ihis paragraph are accumulated 
throughout the DON by activities lind offices concerned 
with safety matters for Military and Civilian Personnel. 
(See SSIC 6200.2.) 

1. General Correspondence Files or Activities lind Offices 
and Other Organizational Units Concerned with Safety 
Mailers relating 10 Civilian and Mllitary Personnel. 

Destroy when 2 years old. (NI-NU-89-4) 

2. Safety Reports of Inspection and related 
Correspondence and Papers Reflecting Recommendations 
and Results. 

a. Naval Activities. 

Destroy when 3 years old or UpOIi dl5coniinulince of 
facillty, whichever Is earlier. (NI-NV-89-4) 

b. Privately Owned Facilities Assigned Security 
Cogniullce by DON. 

Destroy wben " years old or security cogllizance Is 
terminated, whichever is earlier. {N I-NU·89-4} 



FEDERAL ACQUISITION REGULATION 

SUBPART 4.8 - GOVERNMENT CONTRACT FILES 

4.805 handling, and disposal of contract files. 

must procedures for the handling, storing, and disposing of contract tries. These 

must take into account documents held In all types of media, including microfilm and 

various electronic media. Agencies may change the original medium to facilitate storage as long as the 

requirements of Part 4, faw, and other regulations are satisfied. The process used to create and store 

records must record and reproduce the original document, including signatures and other written and 

images completely, accurately, and Data and retrieval procedures must 

protect the original data from alteration. Unless law or other regulations require originals to be 

ke pt, they may be destroyed after the res po nsible agency officia I verifies that record on alternate 

media and copies reproduced from the record copy are accurate, and clear representations of 

the Agency for contract file disposal must include provisions that the documents 

specified in paragraph (b) of this section may not be destroyed before the times and may be 

retained longer if responsible agency official determines that the files have future value to the 

Government. When original documents have been converted to alternate media for storage, the 

requirements in paragraph (b) of this section also apply to the record copies in the alternate media. 

(b) If administrative records are mixed with program records and cannot be economically segregated, 

the entire file should be kept for the period of time approved for the program records. Similarly, if 

documents in the following table are part of a or case file that documents activities 

that are not described in the they should be treated in the same manner as the files of which they 

are a pa rt. The retention for acquisitions at or below the simplified acquisition threshold also 

apply to acquisitions conducted prior to July 3, 1995, that used small purchase The 

retention periods for acquisitions above the simplified threshold also apply to acquisitions 

conducted prior to July 3,1995, that used other than small purchase 

Document 

(1) Records pertaining to Contract Act actions. 6 years and 3 months after final action or 

decision for flies created prior to 

October 1, 1979. 1 year after final action or 

decision for files created on or after 

October 1, 1979. 

6 years and 3 months after final payment. 



(3) Contracts (and related records or documents, 

including successful proposals) at or below the simplified 

other than construction. 

3 years after final payment. 

6 years and 3 months after final payment. 

3 years after final payment. 

Same as contract file. 

(iv) Contractor's payrolls submitted in accordance with 3 years after contract completion unless 

Department of labor regulations, with related contract is the of an 

certifications, anti-kickback affidavits, and other related 

papers. 

(9) Data submitted to the Federal Procurement Data 

System (FPDS). Electronic data file maintained by fiscal 

year, containing unclassified records of all procurements 

.other than simplified acquisitions, and information 

from contract file, until 

contract is completed. Otherwise, the same as! 

related contract file. 

1 year after date of award or until final 

payment, whichever is Jater. 

5 years cancellation. 

5 years after submittal to FPDS. 



Irequired under 

(10) Investigations, cases pending or in litigation Until final clearance or settlement, or, if 
(including protests), or similar matters. related to a document identified in (b)(l) - (9), 

for the retention period specified for the 

related document, whichever is later. 



400 TRUCKS RUSH 
I NAVY OIL TO HOMES' 
585,000 Gallons of Emergency 
Fuel Delivered in Day-East 

Coast Exports Embargoed 

By OHARLES GRUTZN1<JR 

Four hundred fuel trucks drained 
585,000 gallons of Navy oil yester­
day from seven storage terminals 
and delivered it to homes through­
out t!>e city on emergency authl1i'i­
zation- irom the police, as the cold 
spell continued. 

In one of the busiest days of the 
winter, the Mayor's Emergency 
Fuel Committee issued certificates 

I 
to 439 dealers permitting oil with­
drawals from the police-supervised 

1 pool. These withdrawals included 
132,000 gallons of kerosene. 

Six other terminals, designated 
to help dispense the Navy Oil, had 
not received their share of the 
2,730,000 ganons of Diesel oil lent 
for distribution in this city. They 
are expected to get it today. 

An embargo on all fuel oil ex­
ports from East Coast ports was 
established yesterday by the De-

Continued on Page 3. Column 1 

('!;bcN'cltl Hork i!£imeo 
Published: Februa ry 10. 1948 

Copyright © The New York Times 
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NAVY SEEKS MASPETH SITE 
- - ... '--

Hawkes Tells of $5,000,000 Plan 
to Buy Supply Annex 

WASHINGTON. Dec. 24 (]f') -
The office of Senator Albert W. 
Hawkes, Republican, of ' New Jer­
sey, said today that he had been 
informed that the Navy proposed 
in its budget for next year to buy 
for $5,000,000 a property now 
leased at Maspeth, L. I ., as a sup­
ply a~nex for The Brooklyn Navy 
Yard. 

An aide to Mr. Hawkes said the 
Navy was using the property .as a 
storage depot at a yearly rental of 
$163,000. .' . 

Two aluminum melting plants, 
erected during the war are on the 
site. A spokesman for .the War 
Assets Administration said the 
Navy had been leasing the ' area 
since the war and would continue 
to do so until June, 1.948. He said 
no negotiations were under way 
concerning sale to the Navy. 

Mr. Hawkes' office said that· 23.2 
acres of the lBO-acre property have 
buildings from which all machinery 
has been removed and that ' the 
property was assessed by the City 
of New York last year at :ji6;600,-
000. 

A spokesman for the Navy said 
the property now was owned by 
the Reconstruction Finance' Cor­
poration. / 

~bc ~ e\tT if o-rk aiimcil 
Published: December 25. 1947 

Copyright © The New York Times 
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Small Arms 

Chapter II 

a. Defin iti on and Procurement Summary 

Small arms include guns of cal iber .60 and smaller. The principal weapons in th is ca tegory are 
Springfield , Garand, and Enfield Rifles, Colt 
Pisto ls, revolvers, sub-machi ne suns, automatic rines, ca li ber .30 and caliber .50 machine 
gu ns.W 

The field of small arms furni shed an excell ent example of procurement by one Service for 
both. Compared with the Army, Navy req uirements were relatively sma ll , and hence 
procurement of these weapons was centered in the Army. Th is pol icy made for inter­
changeabi li ty of material, and facil itated the solu tion of supply problems in that competi ti on 
for avai lable sources and facilities capable of produc ing this spec ial material as el iminated, 
however, in cases involving non-common small arms, the Bureau of Ordnance init iated direct 
procure ment and informed the 

--5--

Ordnance Depallment , War Depallment of such orders .ill 

During the course of the War Army procurement of major small arms fo r Navy use totaled:!1J 

Caliber .30 MG M 191914 

Caliber .30 M2 Trips Mount 

Cal iber.45 Thompson Sub-Machine Gun 

Cal iber .30 Rine M I903 

Misce llaneous Rifles 

BAR M I918A2 

65,272 

24,003 
183,973 

330,582 

41,808 

hllp:llwww.i biblio.org/hyperwarIUSN/Admi n-H istl075-0rdnanceI075-0rd2R.html 1/23/20 12 
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Carbine, Caliber .30 M I 

Target, Caliber .22 

Automatic Pistols 

Ca liber.45 Colt 

Caliber .22 Co lt Ace/Hi Standard 

Ca li ber .38 Revo lver 

12 Gauge Shotgun, Riot Type 

Bayonet M I 

808,372 

60,968 

441 ,998 

60,289 

228,780 

81.225 

279.000 

Page2of8 

Navy procurement of non-common sma ll arms. with the exception of caliber .50 mounts, did 
not bu lk large and consis ted in the ma in of direct purchase of certain types of caliber .30 
machi ne gun mounts and ca liber.38 S mith and Wesson revo lvers. 

The Marine Corps procu red its enormous requirements for small arms di rect ly from the Army. 

b. Procedure for Small Arms Procurement. 

The Plan ning Division of the Bureau was charged 

--6- -

wi th the responsibi lity o f presenting Navy small arms requirements to the Army Service 
Forces for acceptance. As a rule these requiremen ts were estimated twelve months in advance. 
~ Once rece ived by the Army Service Forces. Navy needs were combined with those of the 
Army and othe r Service branches. The fina l production program, determined by ASF on the 
basis of these figures, was cenified to the Industri a l Di vision of the Office of the Chief of 
Ord nance, War Department. for the plac ing of contracts. Upon receipt o f the notice that Navy 
requirements had been accepted by the ASF, the Bureau of Ordnance (Production D ivis ion) 
placed Navy orders with the Chief of Ordnance. War Department, for each item in the 
quantity included in the published and accepted requirements. This order made Navy funds 
ava il able to the War Department. The War Department was then committed 10 make monthly 
del iveries in accordance with these orde rs and with the published and accepted Navy 
requirements. However, since the requiremen ts were calculated, submitted, and accepted for 
delivery twelve months in advance, errors were 

--7--

inev itable, and requirements had to be revised period icall y, usually every th ree months or 
even month ly on crit ical items. The enormous quantit ies needed, plus the constantly changing 
requireme nts, made it almost impossible to keep producti on abreast of demands. For this 
reason it was necessary to a llocate the materia! to the Services o n the basis of a ratio of total 

http;//www.ibib l io.orglh yperwar/US NI Admin- Hi stl07 5-0rdnance/07 5-0rd2R .htmJ 112312012 
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requ iremen ts to total production. 

The ac tual monthly de liveries of sma ll arms were not Ini tiated by the War Department until 
after the monthly meeting of the Joi nt Allocati on's Committee at which time the quantit ies 
act ual ly available for delivery were determined. Upon the rece ipt of its allocati on, the Bureau 
(Production Div ision) issued shipping instructions to the War Department. Theoretically the 
War Department was then ob li gated to make delivery in accordance with these instructions 
within forty-five days; that is, all material a ll ocated for one month had to be de livered not 
later than the 15th of the fo llowing month. When the material was actually delivered it was 
turned over to the Maintenance Division for issue and distribution. 

--8--

Briefly summarized. respons ibility fo r small arms procurement was as fol lows: 

Planni ng Divis ion 

Calculated, revised and maintained a statement of requirements formulated 
twe lve months in advance. Obta ined monthly allocations fo r necessa ry items. 

Production Divis io n 

Placed orders, and by revision, maintained quant ity on order of each item in 
accorda nce with the latest revised requirements. Issued shipping instruct ions and 
expedited deli veries of all items. Kept records of actual de li veries and made the 
distri bution of funds to the proper appropriation. 

Maintenance Di vers ion 

Handled the issue and distribution to activit ies wi thin the Navy. 

--9--

c. Problems 

The consensus in the Bureau was that o n the whole the small armS procurement program 
functio ned relat ively smooth ly. It was true th at difficulties were encountered from time to 
time, but compared with the over-all accompli shment such difficulties did not bul k large. One 
of thc most freq ucnt irritations sprang from the fact that it was often necessary fo r the Navy to 
accept allocations less tha n the publi shed and accepted requ irements , particularly on such 
items as rifles, carb ines, and caliber .45 pistols. [n other cases the Army was slow in making 
deliveries and exceeded he forty-five day period allowed after allocations were determi ned. 
Spare parts, packagi ng, and small arms ammunition were also subjected to crit icism. 

http://www.ibiblio.org/hyperwar/USN/Admin-HisIl075-0rdnanceI075-0rd2R.hrml 1123/2012 
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1. Spare Parls 

Initially, weapons were received from the Array along with what was known as concurre nt 
and maintenance spare parts, the items and quan tities of which varied from ti me to time.llLIn 
many instances. de livery of 

-- 10--

spare parts was not actually made at the ti me the weapons were shipped to the Navy. Under 
this system it was impossible for the Bureau to perform adequate follow-up on deliveries and 
to prevent the accumu lation of surpluses. At the Navy's request the Army ag reed to deli ver the 
weapons mi nus the spare parts. 

Under the new ag reement spare parts were procu red from the Army on the basis of actua l 
Navy req uirements based on allowance lists and requis itions. The Naval Supply Depots, 
Norfolk , Vi rginia, and Oakland, Californ ia, were given authority to procure spare parts direct 
from the Army to mainta in establ ished stock levels without fUJ1her reference to the Bureau. 
Arrangements were made with the Mari ne Corps Liaison Officer at Rock Island Arsenal, the 
originati ng point for Army shipping orders, to follow up Navy orders. It wou ld have been very 
advantageous to have had a Navy Liaison Officer at Rock Island since, as might be expected, 
Navy business was processed after that of the Marine Corps. 

Experience demonstrated th at handli ng of small arms as standard stock al Naval Acti vit ies 
was 

--" --

not satisfactory. The establishment of separate ordnance sections at the major supply depots at 
Norfo lk and Oakland, with ordnance trained personnel in key posi tions, did much to improve 
the suppl y system. 

Small Arms Repair Shops were also set up al the Naval Supply Depots, Norfolk and Oakland, 
as well as at the Navy Yard, New York (Maspeth Annex) and the Naval Supply Depot, Guam. 
These shops were equ ipped to complete major overhaul, inspection, and packagi ng. "[QJ 

3. Caliber .38 Special Ammunition Assembled with (U njacketed) 

In the late summer of 1941, it was recog ni zed that the Navy's stock of caliber .45 Colt 
Automatic Pistols together with expected deliveries would not be adequate to meet antici pated 

http://www.ibib 1 i o. org/h yperwar/U S N I Ad mi n -H i stl07 5 -Ord na ncelO7 5 -Ord2 R. hi 011 112312012 
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req uirements. Although the caliber .38 Special Smith and Wesson Revolver was not a 
standard issue for the Navy, it was necessary to procure this weapon in large numbers if 
requirements for side arms were to be met. 

At the ti me of initia l procurement, COMINCH 

··12·· 

Page 5 or8 

(Readiness) authorized Issues of the weapons to activit ies of the Continental Naval Districts in 
order that caliber.45 Pis tols assigned to those districts could be released and made available 
for issues to personnel proceeding to combat areas. After th is replacement, add it ional 
requ iremen ts for caliber,45 Pistols fo r Naval Construction Battalions could not be met and 
consequently Comi nch (Readiness) authorized the issue of caliber .38 Revolvers to the Chief 
Petty Officers of these battalions. Shortly thereafter, the Bureau of Ordnance, in compliance 
with a request from ComAirPac, authorized the issue of caliber .38 revolvers to aircraft crews 
unde r orders to proceed to overseas bases. 

The only ammunit ion available for use in this revolver was assembled wi th unjacketed (lead) 
bullets. The Bureau, questioning the adv isability of issuing th is ammunition in view of the 
provisions of the Hague Convention communicated wi th Cominch concerning this problem. 
Cominch in turn requested VeND to verify a report that British personnel captured by the 
Germans had been summarily shot because they had unjacketed (lead) ammuni tion in their 
possession. 

··13·· 

ALUSNA London reported that no confi rmation could be given this report. However, due to 
the highly cri tical shortage of side arms, it was impractical to withdraw completely caliber .38 
Special Revolvers and unjacketed ammunition pending product ion of ca li ber .38 Special 
ammunition assembled with Jacketed bullets. 

I n August 1943, a communication from Commander Fleet Air, South Pacific, reported that the 
13th Air Force (Army) had ordered all caliber .38 Revolvers turned in pending receipt of steel 
Jacketed ammunition. It was also stated that Army sources in that area had received reports 
that captured allied personnel had probably been shot because they were equ ipped with 
unjacketed ammuni tion. In the same communication, Commander Fleet Air, South Pacific, 
recommended that si mi lar orders be issued to Naval Forces, if applicable. The Bureau 
promptly prepared and distributed Circular Letter A I 03-43 dated September 27, 1943, 
specifically prohibit ing the possess ion or use of caliber .38 Special unjacketed (lead) 
amm un ition by Navy personnel assigned to duty beyond the continental limits of the United 
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Sta tes. 

--/4--

It was not lo ng afterward, however, that ca liber .35 Specia l ammunition assembled with 
jacketed bullets was available in sufficient qua nt ities for genera l issue. [1J 

4. Belted Amm unit ion 

Page 60fS 

The requirements of both the Army and Navy for caliber .30 and caliber .50 ammunition for 
use in aircraft machine guns became so enormous during the summer of 1941 thaI the Army 
decided to belt the ammunition at the time of manufacture. The belted ammunition was 
packed in terne-plate lined contai ners, and later, in wax dipped cartons which were packed in 
wooden boxes. 

The Army's dec ision to pre-belt resuJted from Its des ire to prov ide active areas with mach ine 
gun ammunition wh ich would be ready for immed iate use. The Army ex pected that the good 
condi tion of the amm unition would be protected by packing in sealed contai ner; and the then 
popular ratios fo r belting the various calibers would remain in favor indefinitely and, further, 
that amm unition pre-belted in such ratios 

--/5--

could be used effecti vely regardless of the nature of the various missions to be performed. 
However, experience proved these expectations were fully rea li zed. 

Ea rl y in 1943 the Army requested information as lO whether the Navy's ammu nit ion 
requ ire ments fo r the calibers .30 and .50 machine guns should be fac tory belted. The 
practicabil it y of adopti ng pre-be lted ammunit io n for Navy use was considered by tech ni cal 
groups in the Bureau and the following advantages and disadvantages established: 

Advantag§ 

(a) Amm uni ti on is ready for Immediate use without the necess ity for belting thus 
effecti ng a saving in time and effort. 

(b) If rounds are properly seated in links after hand ling and shi pment and the 
belting ratios are considered effective for the mission to be performed. it is not 
necessary to open sealed containers and thereby expose the ammunit ion until it is 
actuall y required fo r loading in planes. 

-- /6--
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Disadvantages 

(a) In many cases pre-belted ammunit ion ,in rat ios that were presc ri bed as much 
as one year previously, will not meet new req uirements. It req uires considerab le 
more effort and time to remove rounds and re-belt than to belt am munition in 
des ired rat ios from sepa rately packed types . 

(b) The am mun it ion often arri ves in a badl y corroded condi ti on due to the 
ex posure to atmosphere caused by pierc ing of te rne-plate liners by projectiles, 
e lect rolys is set up by contract of steel links with brass ca rtridge cases, and the 
occas ional use of unseasoned wood blocks for inte rior packing. 

(c) When it is necessary to class ify any lot of am muni tion as Grade 3, 
(unse rviceable), al l other lots with which the defective lot is belted is affec ted. 

--/7--

(d) Pre-be lti ng amm uni tio n in volves spec ial purpose amm unition . The greater the 
varie ty of specia l purpose ammunition the g reater the total quanti ty of stock that 
must be kept on hand. 

(e) The compone nt of belted am mun ition whi ch is most subjec t 10 con-osion is the 
metalli c link. If links are fur nis hed separately they can be set as ide readily 
without rendering ammun iti on unserviceable due to corroded li nks. 

Page 7 of 8 

At a conference which was attended by represen tatives of COM INCH . (read iness), the Chief 
of Naval Operations, and the Planning and Maintenance Div isions of the Bureau, these 
advantages and di sadvantages were weighed carefully and the decision made that facto ry­
be lled amm uni tion would not be procured by the Navy. It was decided that the Navy would 
procure the various types of aircraft mac Hi ne gun ammunition unbelted, and that upon 
spec ific req uests, combat- loaded movements on ly would be fu rnished whatever ponion of 
thei r ai rcraft 

--/8--

am muni tio n was requ ired for immediate use. Accordingly , Bureau of Ordnance Circul ar 
Letter A9-44, dated February 15, 1944, was prepared and distributed to acquai nt the Nava l 
service with this pO licy. However, in October 1944, the Commander in Chief U. S. Fleet, 
made exception of th is pol icy and di rected that the Bureau of Ordnance supply pre-belted 
amm unition to AE's and AKE's for repleni shment of Fast Carrier and Bo mbardmen t Gro ups, 
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and for Ini tial use in Combat-loaded movements. These requirements were so greallhat , in 
order to meet them, it became necessa ry fo r the Navy to obtain pre-belted ammu ni tion direct ly 
from the Army.[.8J 

5. Packazing 

Late in 1942 an ever increas ing num ber of repo rts were received from Navy activ it ies in 
advanced areas which indicated that small arms and meta lli c beJt li nks we re not adequately 
packed to wi thstand service cond itio ns. The Bureau contacted the Ordnance Departmen t, U. 
S. Army, early In 1943 to acquai nt that department with the contents of these reports; to make 
known the Navy's packagi ng requirements; and to attempt to obtain ammunition and links 
packed to meet Navy 

--/9--

requirements. 

The Navy was unsuccessful in obtaining an early solu tion to this packing problem. 
Consequent ly in the fall of 1943, the Navy Depallment placed a development contract with 
the Coolerator Company of Duluth. Minnesota, for the design of an acceptable small arms 
ammu nition Shipping box. 

The fina l des ign of thi s box embodied a metal container with c lam p-down, sel f-seali ng lid. A 
COntract for the manufacture of 50,000 boxes was placed wi th the Nat io na l Enameling and 
Stamping Company of Long Island, New York. Complete drawi ngs and speci fi ca tions of this 
box, offic iall y designated Ihe S mall Arms Amm un it io n Box, Mark I, Mod 0, were transmitted 
10 the Ordnance Department, War Depart ment, accom panied by a statement of Wavy 
requirements and a request that immediate action be taken to establish product ion lines to 
meet these requireme nts. The Army set up the requ ired fac ilit ies, and before the expiration of 
the program supp lied the Navy with 1,200,000 of these boxes.[2J 

--20--
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Aluminum Leases Ended 
To Create ~Competition' 

Government-Owned Plants Will Be Taken 

by RFC Nov. I, Company Having Reiected 
Offer for Temporary Operation 

Special to THE Nsw YORK TIMES. 

WASHINGTON, Sept. 7-In a competition In aluminum in-
move designed to create Ucompeti- dustry-'\ 

in the aluminum industry," The action was 
the Reconstruction Finance Corpol" recommendation 

. . Property Board 
ratIon has ended Its lease agree.. Th I . .. e agency ...... y.,,"' .... 
ment wIth the Alummum Company notice of termination which had 
of America in respect to Govern .. been sent to it 
mer.t .. owned aluminum· reduction fared to make an al .. 
plants and related facilities. Ter- lowing the company to continue 
mination of the agreement will be- operation of or all of the 
come effective at midnight, Oct. plants one year, beginning 
31. Sept. 1, upon the 

Under the agreement, the isting lease, subject to 
stated, Alcoa would have been in upon sixty days· notice. 
control of the plants until various Alcoa replied, 
dates in 1947 and throughout 1948, accept 
thereby creating a situation which would be in fact a 
would have made it impossible to "and would leave OUr 
make immediate arrangement for such an 
the sale or lease of the plants to position that we "' ................. 
others so long as the lease was in such arrangement." 

In its announcement 
As a result, the agency said that cellation the aluminum 

the was being terminated Federal agency 
the purpose of freemg the "The Reconstruction 

the Alcoa agreement ~orporation. announced today that 
so 'that they could be disposed of it had termmated lease 

in a manner which would crea.te Continued on Pafle 11. ColwJUl" 

~beNtUt iiork (!.ihlltS 
Published: September 8, 1945 

Copyright © The New York Times 
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NAVY NAMES YARDS 
R POST AR USE 

TeltS'Senate Committee It 
. Private Firms to Maintain. 

Units for 

WASHINGTON, Sept. 24 
The Navy's Bureau of 
closed to the House Naval 

{lPI­

dis­
Com-

mittee te retain the 
following activities 
war years: 

Industrial AcUvities 
Navy Yard. Portsmouth. N. H., with Sommers-

worth annex. 
Boston Navy Yard. 
South Boston naval drydocks. 
New London. Conn., submarine base. 
Brooklyn Navy Yard, with Bayonne, N. J., and 

Maspeth, L. I .. annexes. 
Philadelphia Navy Yard. 
Repair facilities at Trinidad. B. W • 

.Juan. P. R .• and at Guantanamo 
Sbipyard Facilities 

American Bridge Co .• Ambrld.c. Pa. 
Bath Ironworks Corp .. Bath. Me. 
Bethlehem Steel Company. East Boston, :Io-

boken and Quincy. Mass. . 
Bethlehem-Hingham Shipyard, Inc., Hingham. 

Mass. 
Cramp Shipbuilding Company, Philadelphia. 
Dravo Corporation. Neville Island, Pa. lUlil 

WilmIngton. Del. 
Electric Boat Company (Victory yard). 

Conn .• and Electric Boat Corporation • 
.. Federal Shipbuilding and Drydock Company. 

Newark. and Kearny. N. J. 
New York Shipbuilding Corp,oratlon, Camden. 
Todd Shipyards, Brooklyn diVision, and Ho­

boken. 
General Industry Fat:iUties 

Air Reduction Sales Co.. Hingham. Mass. 
Birdsboro (Pal Steel Foundry and Machine Co. 
Erie cPa.) Forge and Steel Company. 
General Eledrlc Company. Erie. 
Heppenstall-Eddystone Corp., Eddystone. Pa. 
Mesta Machine Company. West Homutead, pa. 
Lukens Steel Company. Coatesvllle. Pa. 
Rustless Iron and Steel Company. Baltimore. 

[The Navy indicated that 
plan is to the 
companies to keep these 
full operation so that could 
be converted to Navy use on short 
notice. If is not the 
Navy said, the 
\vould'be declared 

Laboratories 
Naval Boller and Turbine Laboratory. Navy 

Yard. Philadelphia. 
Material Laboratory. Navy Yard. Brooklyn. N.Y. 
Test station. Ft. Miles. Lewes. Del. 
United States Navy metals Ia.boratory. Mun-

hall. Pa. . 
Industrial test laboratory, Philadelphia. 
Material laooratory. Navy Yard, Boston. 
United States Navy underwater sound, Ft. 

Trumball. New London. 
United States Navy Radio. radio 

laoorator!es at Boston, New York. 
phla, San Juan, P. R .• and Balboa, 

Reserve Fleet Berthlnll: SUn 
Submarine base. New London. 
Reserve basin, Navy Yard, Philadelphia; supply 

depot. Bayonne. 
Navy Yard anne:>::, South Boston. 

ll)(' ~('\U UOr!< tl!iUlt/J 
Published: September 25,1945 

Copyright © The New York Times 
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BI-WEE.,l(Uf H-19ll Bi-Weekly Report, Marcb 13, 1953 Laboratory Stat:f U 
RRPORTS 
(con't) '1-1937 B1-Wee~ Report, March 'Z7 J 1953 laboratory starf U 

'1-1953 B1-Wee~ Report, April 10, 1953 Le.boratory Staf'f U 

M-1997 B1-"'ee~ Report, Aprtl 24, 1953 Laboratory Sta1'1' U 
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Lotter 19 Oct 45 To Ordnance Officer-in-Charge J lI..a.speth J. W. Forrester U 
Annex, Navy Yard, Nev York - re: 
Request for Equipment in Connection 
vith Contract NQa.(s)7082 

a-I 22 Oct 45 ASCA Conference I - Accuracy of \lind S. H. Dodd U 
Tunnel Data and Sensitivity of Solution L. BembBUm 
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Th. tIt..,.t ot • 0$. •• 1" . euc., . , t t-. .lrcr,.Jt .... . '\lYl'r 1 • . of co..,. .. . 

ttl. oOIOp'll"r. wtl ioh . olo • • • q ..... <I~a . 01 ... n o. 1" ... op",. .. t o .c t ~oll l 

o r th e pilot . no. 'II.ua1 ."" rOllCh t o WC I> • COo:pllhr "'" t hro!ll.h U" 

01 -.-10,,", oOllplltlllc t.ch.b lqulI . OUCh., I>.n 1:11, ,. .... 4 I ,. 4 Itr.re"U .. l 

...... l1utl IlJI4 t l l'l cOII'rol equlp. a t. llur la..: t h r1rlt te e .oa th, 01 

;.c UTl t y o a t l>1o proJ . c t . ..... 10 ... loAAloC'lfl o oOVU tlAc; tochll l q",," ..... 

• \ .. dl.o.. fb .......... Jlr~l1, OO-poM atl Wlc.b coo.l4 boo a_4 U .. n 

..... l oc;no 00"P"'tlnc; .,.\0. t !>tot ... p ....... '.d .. th •• tlc lL1 q_tUI •• 111 

...,. .. It"""' or I1tlr",,\l04: owre " t '01\""""' 

J. ... u k pro v •••• II. a \II.,.,.. a pjlal'tlat that &II aAaloc;"l_type collptltet 

fo r tbl " qu\lo ... 01 drcn,h .. 'lo ll 'WOw.4 bt 10 0 0o.p11cl'\t04 t bAt itl 

&ccurl"1 AD4 yer/orm&DCo cou14 1I0 t h. pr.dlc tod. Suoh . cO~" r 

'WOuld allO 1"_ tl\l rhdbl Utl It..f!4 .,,1. of .. t up t"'" I I 40drable 

ror t b •• Ire r.!t ...... 11'lr prohio • • • I U,o~ .. " ral II •• co~ur 

I 

• 



PPROVED FOR PUBLIC RELEASE. CASE 06-1104' 1 

COl)' uu,'V't IAL 

"oUl~. ItIC104IDC • bl&h-~.rror"",""c:e .. no "" "" .. ~ du'olopoot . 

1\ ....... hUI, \bat o lbr a pproach .. t o t hl .. nall'U, probl ... b. 

11w11ael . 

~""\I" tb •• .,unl ot e0-vat.U OD .... '~.d r .. rot 1M IltenJI U&l.,ur 

pr 6bl .... "po ..... ", •• t.r U .... II thAI "r..ellc,t tor ...... 101>11. 0011,,0'"", 
H I , oS.dr.bl. 10 eoo ll ,S. r C.,,,(IIUy 1.11. " ... of hlq.-.p .. <1 -11<:1'0111" 

dl",a"l ':o'"l'tHi..,; _11:1 0<\ •• 

Plu-LD.c loA, orplh.Uoo ot COlllr.,,! »O.{ . ) 7082, eOIllU .r.U __ • 

,I ... dlCI'-l .. tboll ot OO~\.ltoo I .. lb. r .ll DC 194~ • • ~ ,l ac . 

lba t 1 La. • p rocr .. ha l be . .. IlIl lal.", to ""'''1'1 bi4b-~.4 11..:.110"'0 

c.~tIQC .. tbod. 10 t b, .l ~ratl ~17'.r probl lu. ~ D.~I.t ~lob 

will . 01 .. U ••• Iterat l "',"UUy ",,&,10111 .. nl ba • • u.. n 'lw" d 

~u)' t or ....., olho, h.aIU •• of ...:lonUfic "roU ••• • Cn"'1l;1OOotl, • 

• U.rl "t n,l p ...... O' U_ I I t.1ac 4oI90 h d to It. . ".47 u4 ". u lop· 

" 0 1 Dt "Dlrel .1.e'raDl~ 41clt. ~ co~tlne ,.cbAlqu. . . App r oz.l .. ,.lZ 

• "".r .1Id • bAlr .. 111 be ,",ot.o=. U tlu41lD, " lilt <l."lopll1« lbe" 

.. t1ll04 • • b1 wIItc.b U _ tb.! • ...!ap l .bUh)' 10 UIO o l,e r-.n a_1)'11. r 

" . ob10. " ... be dUo r.l_d. 

2 . Oi.lC;n UD i'trKfOSi; OJ' 11Q. 1'1o.n:CT 

2.1 lin lUAi tralp!rI 

Dvllll: t1lloo -r t b. Jell to lopllo u w.boratorl~t 'ntll ." .... 1 

tUelit tralD.n tor tho Special D..,I" .. DI .. I.1011 ot O. ~.l. to ...... <1 

h pUOI and e re ... U..lr~ l .latl. f . a l aou _ta buB I t or Ib filM, tho 

l'lI412 . ..... d tbo ru. 10 all tbo .. ""H .... U •• aa4 annU oli 10 do· 

t,ll ...... tr .... ci . " that 0IJl ou . ll l "t 111ul loo 01 (171ce .... produced,. 

Al l c oclqIH oallt.o l o a.I>d .... itch ........ aoU" . prai>l' . 0liM ...:I rl · 

\,a'lol1 _n pt'orl.d.04 t r oa oacb ' ~I ... , &nol . olutlool of 111&111' . quat loo • 

.... r . od.qu..te to ChI rlalloUc loltl'\lll", , " 1'11411,,, • • IIoUoli 01 tho 

eookpH .... oot '''f101Id, ... ltb,oud! ..... t .. t. '7 tt •• Spocla l I),u le .. 

1)1,1 ,1 00 .nal~lro 1D4 lca,.d It, d.,I.,bI1117 . tb. d'.I,o o! .p.olal 



PPROVED FOR PUBLIC RELEASE. CASE 06-1104. 

- . -

tr ~ 1. n" r. ",u .. " "'}lo,n. ln .... .<1 L\%. - ':<>~ ." "l ~": untl ", r ~ ,,;'; ~ r.f: ~d t h 4 Sf."''' !''~ 

~~Ic~ . 0 1..,1.01<>n und.erl "".: t o dC· hl ., ..... wt lh r.~ l \r .. l.~ .. r ~ol n .. bien 

,:~ · ~ \ "n l . f or v .... \.",. 1)",8 !Ii .. lr ~,·,.:1 " O"~ l~ ~ .. _ ~ I . 

2 . :/: l! U"hVlAl ~~. 

s....e t: " .. n~." r .... 1 Cl 1t. '" I r.~! r.<: r ...... : ~"",l l u ~ no " " " ',.r ... ~ " :-

.. HI . .. 4J'''''"bh c "" fll c h"t. ( o r \I,~ ,,~u..'l lYll. ,,( "lee'...!' ..... , : "" . 

Cc~. l ... " t ~ for l h e .. lrC''' ' 1 cou ld t t.. " I! ~ ". , In l ~ the " '1Il1o ~ : ''' ' rwJ. 

l!.~ c:"'P"' . r oWuH provIde "roJ><or fl 1,o:10 1 \" .. . ...... "1 d .. , .. (o r ~I.' \,:rJ>O 

of .d r c r l\J' L 51_h"" . ... " . ! ;.' .. It), n,1o C~ n<:.pl of II .."I v _ .... ! !l l p. t 

lr" i l\ ~r It •• r e <10 .. 10",, 11. .. pi...,. r .:. t \I. 'I~ I~ ~ Qu l l ... r:'. ~I "" .. Irc rl\f t 

"""l~ .. r. 

2.3 .6iI. 41rguh hj"." 

.I n ord.wr 1~1 H .• oqlll" ... ,,1 ""l.i' fa...c U o ". II ..... ~ lr~r,.rl 

"f'~I/Ur , II IOU~I p r.41<:1 roU •• r UkkJ) 4"1, 11" " ," ,, 1,e.,,!"1 !'c d o r_ ...:: ... 

10 H " l!)C1/"o , I ~ tv.. b.te~ ~ ho PT"':ltc~ H oodjllot d re u lt . " nlCn. I" 

tbor..o)h • • , M y no t ro p r o .. nt tNT ~t hll=--tlC.J\ l ~ q,.,.tlo ~ • . until 

I' TOO>e T ~b, Y l o r 10 ""bhwll. Ao1 &J1A.lper . 0" n,r 0\11 •• ~"""d 0.,.\ tAkA 

•• roJ y n .. ..::Lk """frlel.pt. o~ toln.d ~ro:l .. II><.! ! a."IIlo ! t. ~ l. ""t u .., tile .. 

, ~ i~r 'lIe t .. 1/"" .... [1 porlor..." .. ". !he " or .... e \ . qu..,<1 ""~ " f &ot l ... o 

EOlH. ~h.Ter"ro, ~ 0,,1 .. 11 ..,nh .ulflel"nl ..... lthBl .... ~ "" C"""'" t o 

po! r":' I uwtl .. " o r olrerA.!t Ih.b\IHy ~~d ~ ontTol . 

2. :n !:.l4hl Staltll1t, ... ~ ~ ~ 

...... " .. bUtty .... ~ coa t r o l ""," 4' ... r, HIp. oqlllp .... 1 >tQ.u~ 

~"n.l . t uf " c0"'Put~ r, .. cOD lro! rOoll '''1<'- .. ''-''tll .... 7 .qu l p .... nl, .. ... 1 " 

.~oc ~pll ~r .. "O!:.11 to r.pro .... t tho propo .. .t olrcraIl. A.., .Ircr~\ 

",,,, l y.or of It.. \)'PO .l.uo.lhod IOhoul.t p..rl ar; <IV. " ... 111 f wu;Uo .. . . 

2.311 J.1I\U:;tl. o p ~ ~AlAl !u.uJw: 
... co.,.ldoTllb!. ......:o~1 of t il .. (1 1"'1 tooUnt; 1:> 

tl , •• ''''' )' of ... r011 ....... 1" pro~ rtlo •• "'" "~ .. trol .'Abillty e-.ll M ....". 

vl<b .. r. ."". l~or .. f tblt t~ boo,d upoo lIlI'or",U o/l obh. I","",- fro::: 

... ~ n~ ;·mn. 1 ~e l .t~lo • • :;"'.:1:1 otu..l\o • . t o b., ..a l . 1' .... \ bo eonddlrlblr 

• 
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• 

-.(,r' n~~ n . \'. tb."n I!" . .... " ..... 11)' o:loIl e bIllie Ji r OM,, 1 I: .... Th. red.\lCtl"" 

lu .Jl'.'~ H.cnt ~ : to", r1yl"'(. c~\\l<! r.T .. ~t\, roduc. U ,. CO ol o f ,,~ w ,,!rcrnJt 

_-1. 1. nr.<l ~"i"' ':' ''~ ' 1I" ! ~ ~p<>r"tlr.(. "har .. .,hr:,t l c •. 

I. , "Irer'.!l .'abO:" "'w .;nn t ~o\ .. "" l~ . er "o" l.~ 

,,,. I:.H U;a '~ 'LI;, ,It ' h ~ u.u u"Hc " l ol rcraft ,· .. . 1,:.,. "bll'.!;, ... llhcUO'. 

f"'~n.,I" e nl\r~\y AO"".~. a!,o;!o t ::'01 t;., ~", :ll f or fllll_ ", ~l~ t~ ":n,: ~ \ Ul. ... ut 

0" "", }Jr .. l lc!nn.r;' ".,...,. .. ::. c o G ~ ~...:, .. . ~ . 

:1 .J1J :'v/l~ ..... H \ 1< Q.i ~A'I'?J~ Qu.1.:;:, 

l> r~ H .. jr ... r .. '''"' \r ..... I~h "" a Jrcran """.,Ut 
al(:bt ~r"'~ :l t t he " ... ,,~ ~ o ~ .. " e o r .• ~n>.; ~\ ?~ <>t ... :rcrnft ""'<Id • ...r :,,), 
&1". cI. •• t 1:.~ t. ' e. h.,.u. , ,,,",.,l .f,,<:lo r )' HI.;!>t ~t>.-.T"o\erIH1 C:., 

Z.;\? "'- ~'II1U ... :U ~ ".,,)1o ~ 

t" ll .... t), ~ Ir .. : .... r, t''' "lter,, ( 1 """l)t ... " \ 1\ n l ,l .... 

"c" ', ~ .. l ~ .. " .t ,· ,, : ' t u l' ,! ".~ ~, ... :. <!. . '\ '1J'I\loQf 'o .~pr~., ~,t ~.1r ' ~ ~ ' .... ' I <; n 

h".l:",ltltLr, . q, .... ~lcn . ~·~n . 0 ' " ': .. : 10 . _II t'ft "'c!>oo r 19 :4 ~1 'I." • • .J r 

o f '!1~ Vd~"t &-o\l ... ro \I ! lI<! 1'uz" ,.1 ,, '. !l.l. ... ~ h"· . t r-l\l , l::.-> L:.· '" 

oq,u"UQ,," ~~ .. . ~ b.W" u"'\.T~o l •.• · ,' '' '' '\ -' .)<'' . Ilut..y . ... \ c!.,,~ .. ~~ !.oH~ r 

.... pre ... O\ ... n ~l"p~",~" -Iu. : "" t .. ~ - .. r! "r,~ r l l , ) 11 C ~ :'I.1llto~ • . 

$\"",,, 1" . c" .. r"",~ .. . I.tlc . d ,. t;CO~ 1I.1 :"}' I00 ..... ~ ... .. n ..... 

~cr.; red.uced to .. C".p h~ 111 .cl . nUrl~ hII.t., .1 . • ~v''' ''''''1. ! Jn of 11. 1:­

n rlO,I' , b"t".~lo T ~ . i-<'~" . on th . ' OACI\..", o f ":'(rU"\ ;.-llo t •. ill>.,oo o 

U.~ .... f~T" bu:. non . U o . .. ' \ d~n"" .. rr I ~ c ~' .I" .... .ut l " " , o nly ... 

I",doroocc ft el&'y ... ~ .. l ,,1,0 ". 1"'1>' •• : ! " no ~r.d 01l: "lon . of , ..... 1'1101 • . 

~ , :aaJ,:.,< l l: o ~ .. l"'I ""u: ~c. " • • ",, : !. t ic .. . y~ ~~ t b l ~ . c o"dj"r~ oh .1 1""" 

\:,,~ .. ~ ~, bO &h~~ 10 cO~"l'lt <ld.I "" .. n .1 t~ - d .. u....\\ o c o f ~onlr" l 

, .. _", \L o a r"r<: o~ , "u:". 'I "r"t l~n, ... ".~ "",I I ~ " . 

:< .34 ~ AI~. ~Uiv ll 

)(ot only >K>w.ol, "" .. l r " r .. ~ t "('-,,Iy~~ r p"."U ... .,.. L1 . t . o f 

IV. ~:.c r ... fI (r /'l e "",IO J UQo.I: .. . IrJ ~ . by " .. . ~r .. _ pr oc ... '. ~o .. (r : c ~·'" t. 
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Clould. W c""~4 10 "blain 4 •• 1'8"1>10 P>rror ..... "". ,,, .. t Ihe ... rod,y ...... lo 

proj.luth, of the god.l red •• lj;IIdf! to ):04.11'" tb.I.1 c".((I"I.n\ l . 

Z.3b .uu.u.o.~.u.a 

Thl uI114bllltr or ..." .. l rcreJ't II,IlA l y .. r wouM ~fII.H 

DOn co..,hh lIIunir;>'lll"". !JIla II,. chA r ,." tu't.tl .; . of lace ... tul 

dr"rp,ft. IIlth uro4.¥D.IU=le c~"ct~rlltlc' urdu control IDd. .abJlcl 

to r .. p l d ~~ •• bltte. IVJ.lrlcll,l on or t.ctor o AIr.ctl~ ~004 .1r­

cu!t ~r{or_. could be a.ehh .. d. 

2.30 hwI.:..u: ~t~a.l.l.l ~Q.l.ld !.UQl! 
1 .. &<I.dltl(lD to) tho Itud.y of pllotd aircr .. h web 

Iqll.1p.a' o.bould por.h U\odic. 0: aircr.[l , ... hr tbe cD"lro\ or ... ,~ 

_He pHoto .. _11 II II .... H .. d ,;'I1ld.d .. h.U ••. 

2 .4 HuiUllu: 

... ..,.,.ITur ",hie" vO l telu ,~ ... pr oble •• outllae4 .bo .. ",111 

be .. 00'"""'0' of co,, "l derAUy u ... hr co.-pl .. U1 t4ll &n¥ a".., . ~I.tlll«. 

., (lrl' • per~'Dt arr~"Dt ot co~tln& .1 ... ,,1. ~. coot,cpl.,,' 

II. \tl' -.... ... r 0.1«10.,,11,)' u...6 h \b. ope.o\IO'>ot1l tHeM trd ..... o. 1\ 

1 •• 1,. Me&*> &1'l"'no.l ~""l ouc b " (iI..! , cb ... tlc .ould bl ~nll.ol' 

lapr, .. ;:nc.l bot,,, .... lh .. " Ol_\\ODO \0. bo , 0hl .1 _r~ <Io.dl.,o.llI(; cODUlIIl&l 

Chatt,t,1 aM bocA""1 II co~u\lr o( lb.:, ,I .. U4 poh"t1l\1 1I .. ("la ... 

lO!Io"ud lIot bt cO _ .BltO lo .. olr..: ! . In-o of probh •• J'l.on o Ib.a ... tor. 

e.11 r ..... ' ..w nO:llb:lll,)' A' ponlbh In tb.o Iypo at preble. to be 

oohod by Ih_ 0.0 .... "' •• porl1oo. of tho. olrcraft ,.",..1, .... 

3. I'lll:;SdT SUTUS 

3.1 h,lpep' CPSUUlIC ta-u 
'l'h- tlnl pl.a.D for l b.. co~h. 10 .01 .. aJrcrall lla~llll, 

' Ol_tlo. •• (0.110 .. 4 tb •• pproAch pre"looII, wa.&.o ou\ t'r (1.0 o.o.o.lcol 

o.o.-poW ... &lid d.1/to ... "U.l ..-1,.0... ]a ..-lop eo~tAUo .. I 

.. ~ .. r.to eOIlJNUJ141: ol •• o.t I , NOlo.lro4 (0. tach .tll ... Uc-.l Ihp 

la.ol .. oo I. 11.0 pfabh. 10luUoo. n.. "qulro.1I1 ot a real tI_ 

I 

• 
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!!l!!!!!!!1 
BE'l'WEI!JI 

" . 

~l public billa ro~ 
pa~nt UDder ~hl. 
oontraot ahou14 
inolude .• ro;!renoe 
to ro. no? &3" I 

BOBACK REALTY CORPORJ.'f!~ 
."D 

Ulil'l'ED STATES OF JJlERIC.l //' 
. , 

THIS AGRE!KENT, entered Into tbl. lat 4a7 ~o.mber. 1942 .. 
bI and bet •• en the Boback Realt,. Corporation, who.. a4dre.. I, 

o 

MetropolItan and Pluab1ng A~enua ., Brooklyn. He. Yo~k. for Iteel£. 

l 'h aue ••• o:n and aaaigna. pereinaliar ~al.l.d tiw Pal"llL1t;:tor, and 

the Unihd . stat .. or '-rioa, repr .. enhd by the; Chief or the 

eur.au ot Yard, and Doo~ ••• ~ under ~ dlr.otlon ot the Seo­

retary ot tlla K&V1. bereiaathr cal.hd tm lerm.1the , b,. vl.rtu. 

Or the authority . contained in Saotlon 201 ot an Aot at Cougrea •• 

approved DeoaMber lB, 1941, pUblio Law ~64 . 77th Congrea., Pir" 

S •• ,loo and pursuant to ExecutlTe Order Io. 9001, dated Deoember 

27, 1941, wt.r.by tbe Saor.tary or the •• T7 I, authori •• d to 

~ contract. In acocrdan •• witb .aid Act ot Congr •••• 

'fIT~SE'fH1 'lbat tor and in ooneideratlon ot ,Pa,.ent to 

tbe PermJ.ttor ot the .UII. 01' FiT. Dollara (15.00) per boat, tbe 

Permittor hereby gr&nte tb. P.rm~ee perai •• ion to ~. tb. ba.1D 

ot the P.~ttor, delin •• t.d 1n red on tbe photo •• at ot a blu.- 1 

p:tint bearing leseDd propo .. d denlopment ot Bohaok tr.rminal, 

attaobed hereto and ... de ., part l:»r.ot, tor tbe ptu"pO •• ot ooapeD­

e.,t1Dg PT ~t oomp ••••• • landiDg barg •• and other ... 11 DAyal 

.Ntt. 



i 

1 . ~ Permittee is not to be conaidered as aoquiriD8 
any permanent interest ot matever nature in the 
~roperty ot the Pe~ttor. 

2. The charge ot '5.00 ~sr boat ahall be with the 
understanding that 8aoh boat will not be in the 
sli~ tor more toan twent,.-fOur hours. 

~. fbi_ permit ahall Dot b. a"ignable or transfer­
able by the Permitte.. ~ Pe~ttor by the grant­
ing or this p.rmit ahall not be reapooaible tor 
damage to any DAval boats While in the ator.said 
basin and ahall not be liable tor injurl to &n1 
person or per.ona on boa1"d said boats or seMing 
in conneotion t~rewith, aDd in the event ,that 
death or in j ury ooour. to any person, or 10 •• , 
destruotion or d.aage occur. to any pl'Ope.,ty 10 
oonnection wi th the use or .aid basin by lobe 
P.~itt.e oooaaioned by the aota or aaia.~o~ of 
the P.~tte.la agents, .mplo,... •• or .ervantl, 
the P.rmdtt •• , out ot fUnd. aa may be available 
thor.ror or whioll haTe been appropriated tor this 
purpose by the Congresa or tbe United Stat ee, 
agree. to ind.mniIr and aave harmless the Permittor 
trom and aa:a1nst oy loa., expooae, claim. and 
demands to whioh the PermIttor may be aubJeoted aa 
the result ot luoh death, lo.s, de.truotion, or 
damage. 

4. Ho .ember ot or delegate to Congress or reeident 
oommio8ioner eball b. admitted to any share or 
part ot th1a permit, or to any beu.tit to arl88 
thererro:ll.. Bothing, bowe.er, herein oont~1ned 
.hall b e oonstrued to extend 110 any inool"Jlorated 
oompany, it tt.. pennlt be tor "" the general benetit 
ot sucb corporation or oomp~. 

Df WI'l'HEaS 'frfB]!;RBQp, I bav. be_unto .et I"lf1 hand and 

attixed C1 leal the day and year fIrst above written. 

~~ Bobaok Hea ty Corporation 

aoknowledgJllent and aooeptance ot the terwa bere1.n aet forth . 

Parm-nt to be m.de 
by Die bur .... nt 
Offioer, ~rd Naval 
Distriot , 

L _ _ 

Ion of ~he Chie! 
ot l"Oau ot "Yarde Illld 
Dock., Aoting under di~e­
tlo:n of the Secl"Ota17 or 
tbe .a.,.. 

I 



, 

r.o. 46: 119 

mrs AG'R!!VRN'! , _de and eotered 1.D.t.o th1. ?tt day or# . 

19¥5; by and bet.een THE LO!G ISLAND RAIL ROAD COKPA!IY (here1naf'ter 1'11'­

terred to as the "CoIIpan;J"), and tmrrtD ST.H!S OJ' .ua:RICJ. rel'1"eaented by 

the Chier or t he Burell or Yards and Docks, acting UDder ths direct10n or 

the Seoretary ot tbe Ne.'YJ (bereinatter reterred to ... tbe -D1du,str,."); 

'ifHKRPlAS, tbe lD4uat n d.esires the use or two e:daUng a14etraou 

and. swi toh oonneotion. oC)lmect i ng with the l!ontaw:: Bruoh or the Ccape..lU' 

at point s 2.S4 and 2.55 lIDile s eut or Long Island Cit), in the COUllt, at 

(;lueens, State of New York, as shown upon tbe bluepr1.nt at plan :&0 . • s. 

178), BaTi •• d date Hay 28 , 1945. marked I1h1blt "A", attached hereto aDd 

.ada a par" hereot I and 

WHIRB.IB , tJl,e l'tIdu.etr"J r equests that the Ccapan), operate aa14 

tracks and _!toh oOllllectiOD.II s h.oJrn 011. a&14 blupr1Dt tor the purpo.e 

ot •• rT1ng tbe buaiDe" carriea 00 b,. tlle Induat.rl. and 

wmnrnAs, the Company is wUling t o operate ns engiDe •• tre.1n.e 

and oars upon, o ... r and &loll&: a aid t re.ob, but cml.y tor the ccmsi4era­

tlon . and on the terms and con41t i oDS heretnatt8r set torth: 

NOW. 'fH&!tklttRE, 1t i s agr • .a by and bet •• en tbe puU .. hereto 

a. tall ow.: 

912534 
1. OYiKlRSHlP. It 1s understood cd agreed. that the ownerahlp or 

that part or said aldetrack tn41cate4 by yello. oolorIng OD ExhibIt "A~ 

and all appurtenances ther e1l.D.to bel0llBing, sha.ll be aDd ~he same 1a hereby 

.... ted in tbe Industry 1neote.r a. the parUes hereto are conoemed . 

2 . llADl!ENA..'fI{CE;. The Induat1'7 will , at it. sole coat and expenae. 

out or a ... llabl e funda appropriated there~or. turni.ah the labor and 

.. terials D.ece.aar)' tor, and maintain and r en .. 1D. .uob aate o~ratio& 

oonditiotl aa the oompaQ shall d ... proper 4W'ibg tht ooatb.u.anoe b.er eef . 

that part at .ald track iDd!oat4d bl )'ellow l1Des on Exhibit .~ •• 

52f, ... '!'be ownerebi, or materials 114e4 in rea.e1il1:ag or aa.1.nte.1.DJ..Dg 

.ai4 tracl::: or traolca ebell be T8IIIt.a as pronded by paragrtp.b -1- hereof. 



). The IDdURn agr.e. t o e:l:8rol .. the gr.atest oar. both 1.n tlle 

use ot saI d . idetraclCs and swit ch oonneot l oZUI and to prevsnt oara which 

have been placed ther eon tor ita un or benetit tro. settiDg out upon or 

too 010 •• to the _ i n t racks ot t he Railroad C(IIII"" .... DY. and the ID.dustry 

agre •• to keep .ald .idetract. and switch oonnections cle.r ot snow, lce 

and other obstruct l ons , and not to ereot or allow to be erected any 

building •• structure or tinure ot any k:1Ad nearar tban 8 t •• t t'roa the 

center thereat .... ared la terally 'UirerrOJll and uuer than 21 t eet abaTe 

top or raU "aslU'ed TertlOe.ll ,. theretrom, e:xeept plattorm. whiob. "all 

not be l ee8 than 6 teet 6 !Dohee trom . ald Gent er ot track or .ore t han 

3 t eet 10 inches . boTe sald top ot rail, unlee8 euch d18tanoe8 are other­

wl s. indloated upon the blueprint attaohed hareto. whlch ahall then gOT8rn. 

I.. 'lbi8 oontract shall be bind1.ne; upon a.nd Inure to the benetit or 

the 8UO C.8eors and a.s8igna at the parties hereto ; proyide4, howeTer . 

the Industrr shall not assign t hIs contract without the writt en consent 

ot the Compe.D1 . 

5. No .«aber or delegate to the eongre •• ot the United state. ot 

.America shall be admitted t o any shore 01' pan ot lIuch agreement or to 

anr benetlt arid.llg theretrom. 

6 . The cost a..Dd expeu.e ot proouring or COlllply 1Dg wlth e.D.1 ordl ... 

JlWlc e . order, , pe r c.1t or conaent whatsoeYu req\l1.red by Mll.D. i ci l1u . Stat. 

or other l&wtully cou.t ltute4 authorltiea tor the ~nten&Dce, opera ... 

tlon and use ot sai4 81detr a.cks u d s wit ch connect l Oa& shall be bo rne 

by the IDduatry. 

7. '!'he ec:a.pany shall ave t he r lght to use the whole or 01 put 

of aaid aid.tn-oks. pr odded such use shall not UDl'ea.onably 1.D"rt ere 

witb the uae ther eot b1 the lDdustrr. 

8. It anl cha.nse . rearrSll&8IIent. extenslon or en1us.ent ot •• id 

eldetracks or t heir structure. sball at any tlae be necessary by r eason 

of 1.ll1 ohange u. the operation ot the rallroad , the COBpa.D;J aba.ll not 

be requ11'ed t o 'bear an.,. expeue resultlng ther ef'l'OlII.. 
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!HIS OO~ shall t ake ettect on tbe date hereot. and unless 

sooner term.1neted as berein provided. shall oontinue in ettect t or the 

~erlod ot OD e ,ear and thereatter sUbJeot to ter=1Dation sixt1 (60) dafa 

at\er elther partl hereto &ball have 81TeD t o the other no&ioe in .ritiug 

ot ita intention to term1Date t he same . 

IN WITK13S WBEREOJ , the part i 8s hereto have caused thi_ oontrac t 

to be exec~ted, •• ot the 4&1 and ,ear f irst . bove written. 

I'mmss: 

WITNESS. 

'I'll! LOIlO ISlAND RllI. ROAD COMP..&1fY 

THE lDIl'l'ED STATES OJ' AMEBIC'\' 

1 
the Bure 
ect 1n& under t be direct i on 
t he Secretary of the BSTJ 
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CONFIDENTIAL 

FORWARD 

Projec t WHIRLWIND reports w i l l be issued monthly or bi-monthly 

from the Servomechanisms Laboratory at the Massachusetts I n s t i t u t e 

of Technology as a v a i l a b l e mater ia l j u s t i f i e s . They are prepared 

for the distribution, to authorised persons, of information on high­

speed dig i ta l computation. 

In some cases ideas will be suggested and c ircu i t s proposed 

which have not been proven in pract ice . As tests are made, results 

will be recorded in later issues of the WHIRLWIND. 

The most rapid and eff ic ient progress in new aids to mathemati­

cal computation can be achieved only through cooperation and inter­

change of information between sc ient i f i c groups engaged in this f i e ld . 

Comments on the ideas presented in these reports are requested from 

other groups as well as information on results of work at other labor­

atories . Suitable l e t ters and papers concerning d ig i ta l computation 

wi l l , with permission of the author, be Included from time to time. 

Where Information from sources outside this laboratory i s of a non­

class i f ied nature, the publication wi l l , at the request of the author, 

so indicate. 

Correspondence can be addressed to Project WHIRLWIND, Servomechan­

isms Laboratory, Building 32, Massachusetts Institute of Technology, 

Cambridge, Massachusetts. 
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I l l 

COMlDilNTlAL 

KBVISV 

Project WHIBLWIND, sponsored at the Massachusetts Institute of 

Technology by the Special Devices Division of the Office of Research 

and Inventions, U. 3 . Navy, i s a program of research, investigation, 

and development in the f ie ld of high-speed electronic dig i ta l compu­

tation. As outlined in Summary Beport No. 1, this electronic computer 

i s specif ical ly aimed at the solution of aircraft s tabi l i ty and con­

trol problems but wi l l also provide for the solution of certain other 

classes of sc ient i f ic problems as well as the f i e ld of non-linear 

ordinary differential equations. Completion of a f inal computer wil l 

require several years. Summary reports wil l be issued from time to 

time indicating the latest results and trends. 

When the project was organised in December 1944 plans were based 

on the use of analogue computation. It became apparent that analogue 

methods would lead to excessive complexity and that other computing 

techniques should be studied. High-speed electronic d ig i ta l computa­

tion i s now being investigated in an effort to develop components for 

application to the problems of Immediate interest . 

• 
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ProJect WHIllLWUIll, 'POlllend. at "hto Ma .. acho. .. U, 111.1\1\0.\11 of 

flchnolol7 ti, thl 8~o1al D.~1o.. Dl~i.loll of the OfficI ot a. •• arch 
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aDd dn .. lopaut. 111 t.tMo 11..14 of hLch-•• 4 .bct.ronlc !St,ad cO"PU­

",UOD. .... out.l1oed in Sua.ar1 x.port. 10. I , t.hh Illo\ron1c COI!pU"lr 

h .p.c:l!lcall7 &1-.4 at \oM 1010.UoII. of aircraft. staUU'1 u4 coo-­

\rol probl ••• but. 11'111 allO pro.ide tor the 101u\10R of clrt.a.1n other 

c a .... of eellnUnc preble ..... wll •• tbe fl,ld of nou-l1D ... .r 

ordl1lU1 d1ff,,,,u.Ual lquaUoza. Co~lUloD of .. t1u.l co.,hr ..,111 

require .... ral 11'1'1. ~1 report. will b.I lll\U1d. tro. '1 .• t o 

u. 111diaaURl ,bt 4"" "''''\lIt, aDd. tnDd.l. 

Wheo. thl Pl'O;lct val orp.Dbed. in Dec .. IMr 1944 plan ..... re ba .. d 

OD the \all of analocu oo."UOII.. a btlcaJII apparu.t t~' analocue 

_\1:104, wow,d. b-.d t o axcI .. i" cOIIP1uity and. t~t ot.htlr oOlllpuUQ4!: 

Wicb..dqu .. ~ul4 b. '''001.4 . Hlp-ipl"- .1I0"r0Jl1c 41,Hal COllputa­

tiOD 11 DOW bl1l1& iII .... U .... h4 1n an .ttort to 4 .... 10p COJlPODe l:l, t. tor 

~pl1caUoD to the proble •• 01 1_U ... "e 1DteN.t • 
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BVn:v 

ProJect VHliLWlXU, eponlored at tbe Ma,aachu .. ttl Inl\lto\. of 

flchD.olol7 11, \b, 8pec1al 1l .... 10-. Dhblol1 of \b.. OffiCI of .... arcb. 

aDd 1I1.,u\lonl, O. S. »'yY, 1,. pro~ of r.l.arch, 111 •• ,\11&1.1011, 
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h .p.c:1tlcallJ' ,1-.4 at U. 101uUoII of aircraft daUIU, aM co~ 

trol prebl ••• but will 6110 proy l de f or tbe 101u\10D of c'r\ • . ~ otber 

04 .... of ~l.DUf1o probt.. •••• '1811 al tbe fl,ld. of Dou-liI_at 

_rUGal" d.1!f,"utW 1q,u.aUOIII. CO~l.eUOIi of .. filial co~t.er 11'111 

reQuire ..... Tal ,'arl. ~y report, will be l,,\un! fro. U ... t o 

u. 11111.1oaUac tbe 4,,,, ,..1111" aDd 'rl ••• 

'lnMD thl proJeot VB' orp.niaed. I n Deo"llIer 1544 pl •• .".rl b ... d 

OD t b. u,. of .. ",dope oOIlllpU1.,UOI1. It bec::&JII app&l"lDt tbat. analogue 

.'hod. would bad to eXC ... t" cOIIP1l xU, and thflt o\her oOlllpuU", 

"oW~ .. ebo1ll4 b • • t.udi.4 . 1I1&h-I!pI..t .hot.rode 4ianal cOlllp1lta­

UOII 11 1I0W bdDC ll1f •• U .... hd i n an .ttort to Ii .... lop eO!llpOD. Il. ~' tor 

~pl1caUoll ~o th. prollle •• ot i_4iat.. ll1t.~.t • 
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ProJec t WUlINUW. _poll,oreel at the Mr.".ChIlHUt I.DIU1.u1.e of 

flcb.aoloQ bl tb, 81*c1al 111 ... 10-1 Dhhlol1 of "h. orne. of .... ArCh 

and lU"'ID1.1oDI, Q. S. VayY, 1, .. pro~ of r ••• arch, io ... ,.1.1ca1.1 oD, 
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04 .... of Klint tflo prell!.. ..... 'Well •• t.he n,14 of Doo-l1Mat' 

.rUDal'1 d.1!tIND\lal '!lUaLlon,. CO~laUOII Of .. tLQal cuput.r will 

rt,wr' H.IT&l "arl. ~1 r.port. will b.I hlUed lro. \1_ to 

\1_ 1I11:Uo&t.iA&: \lw la'", nsul,. &lid \r,rIIIi,. 

Wb.o ,h. proJeot va. or&AD1,e4 10 Deca.ber li44 plaa t -.1" ba .. d 

OD 1.hl \la. of aM.lope cOiiplt.aUoll. It btI~ apparell1. tbat analor;ue 

"'1:104 . would lIad 1.0 ,:u:, .. 1,.. cO"P1u:1t.T IUIIi 'twit atoher oOllpuU,,« 

\4Icb.JUqu .. thoul4 b, ttudl,4. Klp.-~ed ,leotrodo 111,1tal COIllp1l\a­
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CONFIDENTIAL 

SUMHARY REPORT OK CONTRACTS N0a(s)5216 AND N0 a ( s )70e2 

fART A - INTRODUCTION 

1. SUMMARY 

In December, 1944, the Massachusetts Institute of Technology, 

Division of Industrial Cooperation, undertook to develop for the Navy 

a generalised multi-engine flight traiuer. This was an outgrowth of 

work during the war by the Special Devices Division of the Bureau of 

Aeronautics which was later transferred to the Office of Research and 

Inventions* 

Several flight trainers had been designed for Navy aircraft. These 

Included..the TEM, the IBT. and ..the PB4Y2. The trainers had proven^so 

valuable and the representation of flying conditions so satisfactory 

that an extension into the generalized field of aircraft simulation 

appeared possible. The proposed research and development at M.I.T. 

had two broad objectives. One was the design of equipment for general­

ized training purposes and the second that this flight trainer equipment 

should be sufficiently accurate to serve as an aircraft stability and 

control computer. 

As a stability and control analyzer the equipment would be set up 

in accordance with information obtained froa wind tunnel acdel tests 

of a proposed aircraft design to solve the equations of motion for the 

aircraft as a rigid body in space and to compute sufficient of the 

aerodynamic forces to predict the flying quality of the tentative 

design. 

An aircraft cockpit complete in detail would permit a test pilot tc 

evaluate aircraft performance, and flight instruments would respond as 

expected for the new aircraft design. Control forces would be computed 

and applied to the cockpit controls and proper sound and vibration 

incorporated. 
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In Dec •• ber . 1944, t~ M..~u •• \t . l~.\l\ut. of t.chnolol7. 

Dhillon of Indultr1&l Coope rat ion, UDd.rtollk \0 d.,<qlop tor th' .. ...,. 

• ,.neralhad cu.lU_nclDo1 f l1&bt trabar. !bh was aD outcroW'toh of 

work: duri n« tn. \tar 'b1 "be Sp.clal D .... lc .. :01101 1100. o. f the Bureau of 

Aero_ut ic i wbich was later traDlr'Trlll t o. the OfficI of &e .. arcb and 

la.v.nt1on •• 

Several filcht tralner. bAd been d •• l~.d for la...,. aircraft. ~ •• 

1~lu4ed U .. r!.'!, ~la ?6!. &C~ ~tt..e ~3tl2. !he tn.~n~~ ... ~!tpro't'.~~ •. 

't'aluable and thl "prt .. nt,Uop. o.f tl1111ol> oon41t.1onl 10 .. \1Ilac\o.l'7 

th.,o, t an 11hallon 111\0. tb, ,.nlralh,d field of aircraft 11.u..t.1on 

• appeared po .. lbl,. fbi prape.-Ii rUluch alI4 da " lop_nt. at • • 1.'1'. 

had two broe.d obJlcth'... One __ tbee d .. tp. of .~u1p_D\ tor ~lMral-
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oOIl\rol cO!lpu,\o r • 
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of a prope •• d a1rcraft d •• ll» \0 .01 .. \~ . q,uat10Q' of .0\100 for \be 
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control OO!IpUt.r • 
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ot a propo,.4 aircraft d." ien to aol .. t'b. 'qUIlt ion, of _ \100 tor \he 

aircraft al a ri,14 bod, i .u spac. all4 i o co~ut. autt101.ot ot tbe 

alr~1o lorc., \0 pNd.1Ct tbe tltl...Dc qualit, 01 tbe h utatha 

d.eden· 
M &1reratt cockpit 00..,11\1 in 4etail wol,ll,4 plrait a tut pUot to 

•• al\11'" 6i.rcratt pertor-.uc •• a04 tl~t 111 .t~nt. would. r,tpoDd • • 

up.et.d. tor the uv alrore.lt d..l1p. CGntrol torc" wu.ld. be ooapu .... d. 

anA applied. to the coolcplt coutrol , &D4 proper 'o~ and ... lbrailon 

lDOorporatad.. 
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Dhldoa or lndultr1al Coope ral ion. 'IlJI4 ... t ocok ~o 4ndop (or th. ilia.,. 

• pner al1 .. d culU_ac1_ ( llCh\ I.r.1Wr. 'rbil _I lUI. o'll\p'ovth o( 
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had l.o broad obJlcUft l. One _I \hoI dllicA o( e~ulp_ut ( or ".I'&l-

111d 'ralu1S1.1 purpo .. 1 and. the HOoud. that tb tl (llc)lt lu illt r e,\l1p.u' 

should bto llli(lc1eo.l.11 .,eovate 1.0 IIr ... a . No ,ircl'sft Il,bllU, Q4 
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a1roraf' .. , r1,14 bod1 11:1 ~, eJI4 l o COllfllu'e IUftloleo' or lhe 
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anA applle4 l O the cook:pll ooulr01, &114 proper 10UA4 and ... lbr,ti on 

lDoorpor,l,d. 
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The r e s u l t s would be obtained not only aa Impressions and opinions 

of the t e a t p i l o t but alao aa completely recorded data showing not ion 

of c o c k p i t controla and r e s u l t i n g reaponae of the a i r c r a f t . To accom-

p l i a h t h i s , aone 30 or more v a r i a b l e s would be recorded. 

Since human p i l o t reactions do determine in part the aircraft f l ight 

behavior, this analyser has the advantage of Including an actual p i lo t 

rather than synthesizing his reactions. Because human response la a 

factor in the problem, indicated aircraft reaponae must occur in real 

t ine . To compute aircraft motion on a one-to-cne time acale wil l re­

quire much higher aolution rates than have before been required of 

mathematical computation devices. This and other problem made a survey 

period necessary before the start of actual computer design. 

Contract H0a(s)S216 was set up to permit a study of the proposed 

aircraft analyzer and to study the f eaa ib i l i t y of designing such a 

device. Certain obvious problems which had given trouble in the a ir ­

craft trainers were solved during the earl ier phases of t h i s contract. 

One such waa the control force loading equipment to provide proper fee l 

for the cockpit controla. 

The heart of a device such as the aircraft analyser la , of course, 

the computer, which solves equations of motion in response to actions 

of the p i l o t . The usual approach to such a computer was through use 

of analogue computing techniques, such aa have been used in differential 

analyser a and fire control equipment. During the f i r s t ten months of 

act iv i ty on this project, various analogue computing techniques were 

studiea. These were primarily components which could be used in an 

analogue computing ayatem that represented mathematical quantit ies by 

magnitudes of alternating current voltages. 

As work progressed, It became apparent that an analogue-type computer 

for the equations of aircraft motion would be so complicated that l ta 

accuracy and performance could not be predicted. Such a computer 

would alao lack the f l e x i b i l i t y and eaae of setup that Is desirable 

for the aircraft analyser problem. Although several new computer 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Siae- blaaa pllot. ruc U o., do 4" .1'-.1 .. 1. part. t.he a11"Ora!t fllcht. 

t..ha" l or. \h1. awy .. r hal toM u.l'ant.lI&'I or lIlO1'Qdla, all act.ual pllot 

r .tb,er than .,.athal1all\C hh r eaction.. B.eaUN bUMall UI'pOD" h a 

r aet.or 1. ,bot JlTobb_, ID1llcat,d. aircraft ~.pon .. .u..t occur 11:1 nal 

U •• !o OO.lllpl1" ,1rcn.! t . ,1011 00 • one-tO-CM ta. Kal. ,,111 " ­

quire ~b b~tr .OluttOD rat •• t h&n haYI 'befare belll requlN14 of 

.U.a.tJc.l cOIlllIl\aUOD du'101" !'hi. aD4 ot.hu· proble •• -.41 a """'T 
per10d M c.aury befort ,bot start of !aCtual OOllpllter .... lp. 

Coat-rae' l O. t . )15216 .. _ Nt up to p.r.u. a In4T of the propoled. 

aircran allal:rur aDd to atUdr tb. teuiblUt1 of d. .. lp11l1: ,u.eh .. 

'11'101. c.rta1tt. ob"lC111' probleml 'fh1o.h bad. ,hea bouble iJl thl air­

craft traiJler. we" 101"4 du.r1n& 10M larUI,. ))hell' of tbie coe\ract. 

em. .uch ft. th. control fore. loadinc e quip. !!.t to pro1'ld.1 prop.,· hll 

for the cook»it oont rol •• 

'1'h1 heart of a 411'10e . ucb .1 the airerel\ alIIl17Slr 1., or C01:U' .. , 

th. oOllp'Q.ter, vblch . ohl . 'q1Ul~l one or -0\100. 10. rlapoe .. "0 eoUODI 

or "hi pUot . !'h. ulJIlel a pproech \ 0 ncb. • co.:po.\er va. "hrouch U'I 

ot analot;UI oOIllJl1UIlf: hchJ\1qu .. , IIWlh 8. ha .. bun o. .. d. 111 d.1Uluatiel 

aaaJ.,"n l1li4 fi N oon'rol I qtL1pMn\. Du.rla,; thl ftnt 'In .. nth. or 

c.c t 1Tlty OD tllia proJ'Ot.. 1'U101l1 pal0CU' OOIlp'Q.Un, ' eobD1q,UlI WI'" 

Itu4ha. !h ... WlH prs-rll, oo",oDolnh which oou.l4 'M 0114 1ll an 

ualop cOllpll.UlII .'1\.' t ha\ "pr'''DtI4 ... the.Ueel q1laJlUt.1I . b1 

8a«DU o.d11 or IltlrnaUac ="11\ 1'oU.,.. •• 

U work pro,""ld, 1\ bec:u. apparent \hat aD ua1OCU_t.7J>II COapl1tl" 

fo r th. Iq17o&t1oa. of airoraft .:IUOI1 wotll4 be 10 ooap110.\14 thAt 1" 

accur.OI aDd. puror-.acl could not bl p"d..1o tld. Such a c OIlpl1.ar 

woo.1d alao lack the rlexibilUy IUId •••• or "'UP \hat 11 d .. b.bll 

ror 'hi .1rora1" anal7'll r proU.. . ...Hboucb .. "'ral DlW c CllpUtar 

-. -

\'he ,. .. a.l". would. M obt.&~d aot. oal)' 1.1 111" ...... 10 • • _d. opiAloll.1 

01 \tIl t .. " p11ot. b~\ .ho ... oo..,bhly reoord,' data .bo"lac .aUoa 

o! ooo.kp1t cOQtroh and rlwlUD« re~oa .. ot \.h, aircraft.. '1'0 &.Cleo'" 

p l 11111 \bb, 10_ ao or _TO "'&rabbl vonl4 _ ,..cor4d . 

SllU!l bu.an pUot nacHo •• 40 4,'I,.u .. 10 part. th, a1TOr&tt !liFt. 

bell,u t or , '111, aWyur hal tbe u :t'anhc- of l uolud.1Q& an &at.ual p110t 

ra t.her \haJI Q1Ith.,1a1nc hh "l actiOU. B.cau .. ba..A nlpoll" 11 .. 

factor 1ft ,be probb., hAle_tiel aircraft reepoll" .us' ocour 1rI real 

U.. t o OOIlpl\l .trent' .. U OII 0111. .. Oa.-tO-CM t~ -Call vUl re­
trdn a.JCb bl..cher ,olu t-Ioo ra.t. •• tbe.n han before MID. reC{lliTed. of 

aU .. _Ucal co~nl\ .t to4 ~ .. lc'" nul and. o \ her probl, •• -.de .. WZ'Y" 

ptTt04 0.0.1"", 'bIotcr' , .. .tart of actual oo~.t.r '- ' ten. 
C.a\ract. )10.( , ) 52 16 •• M'" to poIrah .. Inq or t.be propoMd. 

airoraft u.lTttr a.A4 \0 stUd, ,h. r,.,lbl11'1 of , • • iC-lac .uch • 
4e .. lol. C.rt.lA 0\ .. 1(1t11 probl ul .m.1oh b.a4 ,hell hO'Qbll 1. ... ,lr-

craf' 'ral .. r. were . oh.d. 4u.r1tt& 1.1,. .arll. r pha ••• ot t b l. cOII'r..ct. 

One .ucb ... 'b. oon' r ol torce 10-.d1nc . qulp_a1. to pro'l'ld.' proper t .. l 

tor tbe oookpU oon1.roll . 

Th. beart ot • 4''1'10' lucb ., 1.lw alroraf\ aMl" .. r 1" or COlU'" , 

\b, co.,.r, wlcb . 01'1' •• 'Q.ua~ 1 0a. cr 1101.1 011. 111. r,apon .. 1.0 act10D' 

or \b. pilot . fb . uaual approe.ch 1.c ncb a CCII:pllhr •• 1.tlrouch u .. 

or analol\W OO¥UIIoC hchD1Q.\UI., .ucb &I h'l" b .. n u .. d. 1n diet.tanH,l 

ual.I' .. rl aDd. rJ,. control ' Q.tUpMnt. J1a.rlQC tb. tlut '.D . ""th, or 
e.c th11." on tilt. proJ'c'. 'l'ar1011.' ..-lop. oOIlpUUnC '~IQ.u" v. ,.. 

.t~.o.. !h ... war. prt.ar1l7 OOIipOMIIU ltb.lch 00'lLl4 ...... d. a a.a 

-.-lop C101il"lt 1ac '7.ha tbat f'lpn ... h4 ... 1.ba_\lcal q'OaDUU" \7 

-.cal' ad •• or alt' raa\lac curTllI.\ 'l'ol~ •• 

.h work pncr-... d. , 11. 'oaC&llt app.NJl1. 1.bAit III au-locu-tn- OOIlJlll'.r 

t or ,be .que.UOII.I 01 aircraft .,UOII. voul4 be 10 00..,110.,.4 that. 1" 

~ao7 ...s. perror-.ace could. DO' \e pncUct.e4. ~. c • ..,.t.r 

woul4 aho lack tM tlu.lllU1t" a.ad .... of "''CIII that. 11 d.edr, lIb 

ror ,h. a1Tcraft. anal)'l.n proUn. Altho ..... ,..1 a.v 00"'''' 

- .-
OOIl' 1II1ft UL 

t'h. ,.,111'1 VCNl4 ~ oll\&1.Ae4 .a .. OIUt . 1 Upr .. .1.u alit .,1aloa. 

of tho , .. , 1'110\ b'll\ aho ... 0 • ..,1.\11, nool'4o' data abowloc .. UOD 

or 00011:,1\. ooatrell a.A4 ,..~.l\1D« ro.pOrt. .. of \hI aircrd't. , • .oco ... 

plhb 'till, 10_ ao or .,re "arabll' wow4 "- " ,oTdd. 

Slac' bua.JI pilot reacUolI.I 4. 40u,&1 .. 10 ~\ \hI alrcr.t\ !llcb' 

.baYlor . tbl, aaal,l.r bas tbf a4'fan'&r of lacl\1d..lac u act.ual pllot. 

'.'.1' thall IJ'1!.th.,l.t..ac hh r .. c:Uou. Bee.'Il" h~ ,._.poD" 11 .. 

factor ln t.. preble., bllie .. ,.' aircraft ".po." _-'- OCOIU" 111 "-Al 

\1_. '0 oo.u .. lreRn _\1011 011 .. 0 __ '0-0'" u. Mah wUl re­

(Il1ro aacb hl.&her l olu \ioll rat .. t b.ul ba ... befon MI. nq'lLi.,.., ot 

. U_.Ueal 00..,.,,,,,10l! '-"lc'" fbJ, an4 o&.her proble •• -.il .. WZ'YI, 

~rio4 _CMlIMr7 '-to" ttl. .tart ot .ct.-..J. o'''Peter "lip. 

C"'rae' ( . }6216 _ ... , lip \0 p.r.s.\ • 1n47 ot toM propo .... 

air.rat, aMl.,nr IlD4 \. ,\'1141 ttl. r. .. tllllUt.,. ot 4 .. tpl"" I,," .. 

, ... 101. Cutaia ob .. l oa. probleq wh1.oh b...s. ,hu \,oallh 1a t ho dr­

craft. \r .. .1D.r1 ""roe l oh.4 41lT1tI& I.be earU. r pha'I' of "til. CO_1.n.c1.. 

OM .uch w.. ~b. oo.., \ rol torc. lo.41l1c lquip _ a\ t.o pro.ld.. proJlllr te.l 

tor ,be coo~l1. OO.1.rol., 

!'b. bear" ot • 4edee . uc.tI .. I.be drorJ" ..,.1)'1.11" h , of oov .. , 

'h. 00.1..1", lIblob ' 01", •• qu.~ loJl. ot _1.10_ 1D ,....CI" t.o aoUODI 

or I.h. pilol. . '!'h. ulJIlal . ppra.oh 1.0 I'WIb • OOIlpIl'11" II.,. I.bJ'ouc,b U .. 

ot analop oo,,",HDC hoha1q,1UI., INCh .. ban b" ll •• 4 1. 41((11"811.1.1,1 

e.u..l.tUti aJId 11,.. 0011.1.1'01 e quJ.pMJlt., ZJ.uolac ,t.. lu., 'eJl ._'11.. ot 

= 1.1 ... 11.1 oa I.bit proJeG1., ... arlO'll' &IIAlOCUI 00,,",1.111& 1.1IGhAl1fU1 were 

'1.~.1eo. !b ... W'lH pr1MJ'll, OOIipODIUI1.1 wh1ch ocnal4 .... ,e4 1a a4 

ualocae 0 •• 1.1q "", . ' hal. repHMa"e4 _lbe_I.lc:&l q~1.1U •• b, 

-.ah1Wi., of a}1.. ,.ne,1.1.oc curren' 'l'olL.a&el. 

Aa wrk preqfl ... 4, 11. 'oIu. .ppueot. "lIa" III aaa1OcO-I."" oupa"'" 

t or \be • .,..1.1 .. , td &1rora!1. ",UOD wald. '01 10 00llp1108,.4 thAI. 11.1 

aacar.a1 .... JlIIrtoraaJlCt cO'Cl14 DOl. be pre41ol.e4. hch 8 CI~"r 

wald. alec ~ ,bot tled-blU'1 u4 .... or .. ,lIP Ua' 11 bel,.. .. l1 

fer I.b8 .1rcrat1. .-.l",u probil.. A1\hcnl&b .... ,.1 ... 00"","'''' 
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nniimim 

techniques Including a high-performance servo system were developed, 

i t seemed better that other approaches to the analyser problem be 

studied. 

Because the amount of computation required for the aircraft analyzer 

problem appears greater than that practical for analogue computers, 

i t i s desirable to consider carefully the use of high-speed electronic 

d i g i t a l computing methods. 

During the organization of Contract H0a(s)7082, consideration was 

given dig i ta l methods of computation in the f a l l of 1945, and since 

that time a program has been initiated to adapt high-speed electronic 

computing methods to the aircraft analyzer problem. A computer which 

wil l solve the aircraft s tabi l i ty equations wi l l have the required 

capacity for many other families of sc ient i f ic problems. Consequently, 

effort at the present time i s being devoted to the study and develop­

ment of general electronic d ig i ta l computing techniques. Approximately 

a year and a half wil l be devoted to studying and developing these 

methods, by which time their adaptability to the aircraft analyser 

problem can be determined. 

2 . ORIGIN AND PURPOSE OF THk PROJECT 

2 .1 BTL flight Trainerj 

During the war the Bell Telephone Laboratories built several 

f l ight trainers for the Special Devices Division of O.R.I, to be used 

In p i l o t and crew instruction. Trainers were built for the PBM, the 

FB4Y2, and the ?6l\ In a l l these units realism and attention to da-

t a l l was stressed so that an excellent i l lus ion of flying was produced. 

All cockpit oontrols and switches were act ive, proper sound and v i ­

bration were provided from aach engine, and solutions of fl ight equations 

were adequate to give r e a l i s t i c instrument readings. Motion of the 

cockpit was not employed, although some te s t s by the Special Devices 

Division engineers Indicated i t s des irabi l i ty . The design of special 
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lechlllqg.e . lnclu4111.c a blppertorauce Mno .t., •• were de"10pe4, 

It ... .-4 b""r tbat oth.r approlCh • • t o t h. analt,.r problem be 

.t'lld l.4. 

Becau •• th. alOUP' of computatlon requlr.4 tor tba alrcraft anaI7"r 

proble. appear. ,"aur thaQ that prll.Ct.lcal tor analogwl oOqlut.r., 

it is cYtirab1l '0 COll ticUr caretully t.h. u .. ot hisb-.~.4 el.ctronic 

41,lt.l co~tll1C .. ,hod., 

Dur1nc ~ orp.llhatlotl ot COtitract 10. ( .)7082, cOIll14.n,U oo _. 

c1ntl 41,1tal .thod. of cOllput.at1oQ 111 th. t .ll ot 1945, atI4 d .IIU 

that U ... pro,r" hal bell!. h.1tiat..d to ed.ap ' b~lp.e4 'hctr01l.io 

OOiiputinc .tbod. '0 tb •• 1ror.n &11&17&'1' proble... J. c01!pllter 1IIblcb 

rill .011'. thl! alrcraft "abUtt,. 'qua'ioll' wUl ha,. \he required 

capacity tor IIanJ' oth.r taa1l1 .. of lCien'Ulc probl •••• Con .. q\18l1tl,., 

.ttort at 'M pre .. llt U .. is be111.C (W"ot.ed to th •• tudy &lid d ... lop­

_lit of p~ral .1Ic troul0 dl,lt.l COIllPU'1Dt; hcbn1qUII •• Apprub."tel,. 

a,..,., .114 a half wUl be de"ot.d to .tu431Df; and. d .... elopll14: the .. 

• thod. , b,. whlch U-., tbll.r a4ap'abUit,. t.o th. aircratt atlal,.ur 

proble. OaD. be d.t.r-la.d. 

2 . OlUGIV J.n PtrifOSi or 1'Hr n OJ:lCf 
2.1 m l.UG11' r dAl!rt 

J>uriDc t.h. war thl B.ll t.l.pbou. Laboratorl", bullt ...... ral 

fUpt t'a111O'. for the Spacl.1 D.dc .. DhhloD of 0. 2.1. to be 11 .. 4 

11l pl10t an4 c rew 1n.,ruc' ~OD . fra1Dlr. were bull' for th. PBM, ~ 

l'i412 , and 'he W. III all thel' al" r.a1h. &lid. aU.II,lo11 to d.-

t.ll _I .'r .... el " that all 'Keenlllt. Ulualol1. ~ n ,.lOC waf produe.d. 

W oockpit 00llt r01l aDd IWltebel VlI'I acUTe , proper 10-.114 &D4 ... 1-

bl'.'lol1. we'l proy14.4 fro. lacb 'OC1os, and .0Iu'101l1 of tl~t IqQatloll1 

11011"1 ad..ClU6'. to ChI rla1htlc In.truaent ru41ncl. MoUoti of the 

cockpit was lIot IlIIIloy.4, although .0 .. talt. b,. 'hi S)lacl.1 n. ... lc •• 

DhLalO1l 'fll1Merl 1Dd.lca'.d 1" d"lr.bllU7. fbe d..deQ of spaoial 
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leehA1qa.e . iDclll41J1C .. blc1>-~rforMDC' .. r yo .,., •• W'l ri dndope4 , 

11. ..... 4 \"'Ir that o tber approach •• t o t b. anal, •• r pro\l,. be 

.tlll.U,d. 

Becau., tbe asoup, of co~t8tlon requir.d for 'hi alrcraft analr',r 

pro\le. app"ar' ,"aur tbaa tb8t pr~'lcal for analOgla OOql'O.tlr. , 

it h (!jo d rabll '0 oODd d.er careful ly c.be u .. of bi9t-.pu4 .lectronic 

41,11.,,1 co~t1nc .. th04 •• 

Dur1.oc UI. orpAhatioo of Coutract iOa{.)7082, cOllll4eraUoc _ . 

c hIn d1, ltal _thod.. of oo~'O.tat lon 1a. t b. f all or 1945, a.a4 IiDU 

tbAt " i.e .. proer .. hal be.o la.1t lat.4 '0 """pt hip.p .. 4 llac t r 01l.lo 

ee..,ut1nc: .. thod.. to t he aircraft &lI&lTtl r preble... J. oo-.putlr 1IIhlcb 

rill .oh. the atror.tt "a\l11t,. .quatlon. wi ll ha" the nqu1r.d 

capac1ty ror IIa.rI1 ot he r faatU .. of aehn'1l10 probl •••• OOa-.q1l8DU" 

.rrort. at t be Prlllllt ti .. 11 bl ll11 o1I Yot.ed t o t h • • tud.y &lid de .. lop­

_at of pOol r al .1Ie troat o dl,ltal COlllPUtin, ',o.hal qall. j,pprold-.hlJ' 

a ,..ar aud. a halt wil l be UTotld to ,tu4,y 11l« aad d,,.lopt ,,,, th ... 

• tbod • • b,. whIch U .. tblll' a4apt.bUlt,. t.o tb. alrerart atlalTter 

pr o\lea 0&11 be d"'ra.llM1d. 

2 . OlUGn m PUifO~ OJ' ~ n OJ:lCf 

2.1 m lliG1l'rdAl!u 

Durlac tb, w&r t b, B.II tiliphoa. Laboratori •• bull t "Y'~ 

rItcht tr .. 1Ilar. ror the $plaId D.doll DhhloD of O.i.I. to be aNd. 

l u pIlot and CrlW lD'truc t ~oa . fra1nlr. Wil'l but1t ror the PBM. ~ 

l'B412 . a.a4 tIM 1'0. 10 al l tba .. alta ,...alh. and. a" .. ' ioa t o de-

taU _ I . trllMd 1(0 that &II 'KCelleDt Ulu.loQ of fl,.iac wa. prodaeld. 

Ul oooltplt ooat roll aD4 ,witch ....... " IoOtln . prcper . 0tI.DA &IIIl '1'1-

bra'loD war. pro, lde4 rro. l acb InciOl, and lolatioal of fl~t ,quatloa l 

WIN! ..tlqu.at l to ,hi r.alh1.1e 1l:\ltl"llMnt ra&diac" IIIotlon of t hl 

eockpl t ... DOt '1PIOYld . alt hoUlb .ome t •• t. b,. th' Spleial DaTi ol . 

Ilhhloa 'nciDlar. 1II410at.d. its d .. l ra\llUy . !be d. .. l el1 of 'PIolal 
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lechD.1qg.e. IJICltI41n& a bich-~rlol'-.ac" .. ~o .,., •• wert ti"nlopeti, 

i' ..... ti \.t,.1' tha' otb.1' ,pproach •• t o tb. ~nel",1' ~ro~l.e lit 

"lIIli.d.. 

Becan." 'be • .oWl' of COIllp'Q"UOII rtqulud. 101' ,be drcral\ anal,Ur 

pro\le. app"aI" I"a\4r 'baa 'bat pr&Ctteal for anAlOgla 00l1li'0.\411'_, 

It 11 dlidrabll to eoodchr carefully t,be u .. of bl~.pud .het.ronlc 

41,1tAl eotIpUUnc .,hod., 

Dur1q ~ orpAhatioD of COIl'ract. JOa{,)7082 , ooc.id.n,U. _ . 

Ch.1l 41,1t.al .thod. 01 001lll'O.ta,1011 1.0 Ut. (all o( 1946, t.II4 d oc. 

thAt tt. a pro,rdl hal btu Ic1Uat.ti '0 ..4..p' b!.cb-_p .. 4 .!tc'r01l.10 

oOiipUU.nc .thod. '0 th. a1roralt aroal7s.r problell. J. cOllpUt. r 1IIh1cb 

will .019. tbe alrcralt "a\llUy .ettla,loD' will han UIe netulre4 

capa.c1t.y (or IIa.IlJ' other twU .. of lCien'111c proble ••• Coa-.et_DU" 

.f(crt at. tbe pn.n.t U .. it bttDC d ... ot.d t o 'h • • tUi!y ue!. 4e .. lop­

_ot 01 p~rr.l .hot.roll1o dl,Ual coqmUn« t.cblqQII •• Approrl-.t.17 

a 7ee.r aDd a b&lt wUl bt Uyot.ti to ttu4,ylCf; ,,04 4e"10pl"C tbe .. 

• tbod. •• by which U .. tbtl.r ..s..ptabUlt, to ttl. a.lrcran atlalTur 

proble. cu bt e!."'rataed.. 

2 . OlUGU' m PI1iE'O!U1 OJ' 1»' Hoac'f 

2.1 In ll1GI1l'ra1q!tI 

Dur10c th. war t h. B.ll f.l.phoo. Laborator1~. bullt ...... nLl 

fl1&ht 'ra1I11r. (or the Sptc1.l D •• 1cII Dh1l10n of 0.1.1. Co bt 11 .. 4 

10 pllot and OrtW lo"~t.ioo. 'ra1.atr. wen buUt (or th, HM, tM 

l'B412 , and tlMo J'Q. In all tbe .. alt. 1'.1'111. AGd. aU .. tioo to d..-

'aU _I . tr .... 4 10 that. u 'Keell'II' Ulu.lol1 of !lIlac va. produc.4. 

~ cookpi' oontrolt aD4 .whcbt . _" eo\1" , prcper .0n.n4 &DIS. .1-

\raUOI1 "'1'1 pro, 14e4 11'0 • • ach .acint. and .01uHoai of tl~, .quAtIOD. 

Wrt .,:I.'qua" '0 Ch. r.&111,le lttltl"UMnt ru41nc" 1IIo\10D 01 'bt 

cockpit _ . not. 'lIplOle4, althoU(.h '0l1li t .. " bl th. Sptclal »'.1c •• 

Ilht.loo '!lIlM.rt 1041c .. U4 Itt 4 .. 1ra\111 ty. !be d .. l t.:1!. of speollL1 
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t r a i n e r s was an expensive and time-consuming undertaking and the Spec ia l 

Devices D i v i s i o n undertook to develop a un iversa l t r a i n e r Into which 

constants for various types of a i r c r a f t could be s e t . 

2.2 A Universal f l ight £r&loex 

Such a universal flight trainer was visualized as a computer 

with adjustable coefficients for the equations of aircraft notion. 

Constants for the aircraft could then be set into the equations and 

the computer would provide proper flight instrument data for any type 

of aircraft. Simultaneously with this concept of a universal flight 

trainer there developed a plan for using the equipment as an aircraft 

analyzer. 

2.3 An. Alroraft iflaJjier 

In order that the equipment Day function as an aircraft 

analyzer, it must predict rather than duplicate aircraft performance. 

In trainers, it has been the practice to adjust circuits which, in 

themselves, may not represent true mathematical equations, until 

proper behavior is achieved. An analyzer, on the other hand must take 

aerodynamic coefficients obtained from wind tunnel tests and use these 

to predict aircraft performanco. The correct equations of motion 

must, therefore, be solved with sufficient sensitivity and accuracy to 

permit studies of aircraft stability pud control. 

2.31 flight Stability and fisjUrol Tarr.*n 

Ae a stability and control analyzer, the equlpaent would 

consist of a computer, a control room and auxiliary equipment, and a 

cockpit arranged to represent the proposed aircraft. An aircraft 

analyser of the type visualized should perform three main functions. 

2.311 Seduction ol Experimental Testing 

A considerable amount of the flight testing in 

the study of aerodynamic properties and control stability can be made 

with an analyzer of this type based upon information obtained from 

wind tunnel model studies. Such studies, to be sure, oust be considerably 
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traina ra _. an u:penl1". and UM-CObWll1l1f: UDdertak1n& &Ild th, Special 

Deylc •• D1y1,101.1 und.rtoo~ to dey' lop a uni,.lrlsl trainer Into ybich 

con.tante for varioue t~. ot aircraft could be .e t . 

2.2 A Uoh'rMl ll.1eh1 Tr ninor 

Such • unl .. raal !llSbt tralncr val yl.uall.ld a. a ooaputl r 

with adJult abll coefficient , t or t~ .~uatloD' of aircraft motion. 

COD.~nt . for tbe aircraft could thin ~ tit Into the .~uatlon. nnd 

t~ co~t.r would pr oyldl proper tll&bt Inltru.ent data for an¥ t~ 

of aircraft . Sl.ult anloUI1, with t his coacept of • untvlraal fllcht 

trainer Uwn cl ..... lo~4 • pl&%l for D11nc t be Iq.ulp..,nt a. IIU1 alrcrAlt 

aM1,l:lr . 

2 .3 ~ j1roratL Aoalrl.r 

In order t hat tbe IQlIlpa!lnt 'IIe¥ fu.ooUo:l. /II aD aircraft 

ana.lrur . 1\ -UI ' pred i c t rathlr than 4upllca"l aircraft p.rfor_~. 

b. nattier., It ~. MIn t ha pracUce \0 I14JuI' c ircuit. lihtch , 1D 

"h •• _l ••• , ..,. not "preMnt true .UIII!II!IUca1 .quaUon., untU 

proper blt.ulor 11 a.chllftd. _ aAal,...r , on th. ot he r h&II.d .st taU 

aerod.rnaa1c cMttlcJ.nte obu1ud t r o. _!nd t UMsl t .sh alId 0" t bl .. 

to pred1et alrcraft ps rtor-...nco. 'fbe correct eqUAt.10ns of ..,t10n 

.ust , thsrefors, be .ol .. d _lth .ufflclent Ilollt1.1t, and a.ccuracy to 

per.tt. It.o4lel of .1rc raft. Itahl l ltl ~ud oont. rol . 

2. 31 ll1&h1 Stab!1!\x ~ gQotrOl ~ 

J4 a ItabllltT aDd control &DAllier, the .quJpaent would 

conslst of a co-put.o r, a control roo. and aualllar7 equlpaent.. a04 a 

cocll:pl t. al're.n.red to "pr •• at. th. propoNd. alrc.raft.. Aa a i rcraft. 

analT"r of tbl tJPI .1Iua11l14 shoul4 perlora thr •• _in funcUODI. 

2.311 114uctl0n ~ IlptriltntAl T •• tlnc 

& CODI1d.r.ble aacunt of th. fllcht ' •• tln& 1D 

t.be .tudJ of a.roclfDaalc proptrUe. aDd control d,biUt, Call bI -.d. 

vlth an anal,...r of thl1 tTP' baaed ~o lalor .. tlon ohtaiD~ (roa 

"bill t.WlDe1 .04.1 It.udle l. 5uch etudJel, t o be 1Ur', .us, bI conslderahll 

• 

••• 

COll'J'Wl3o"lW 

t.ralne ... _. an IJ:PInl1" and \u..-con.waln« Wldert.ak1.D.& a.n4 the SpeCial 

1lti1'1cel D1 ... 111011 undertook to de .. lop a u,nlnrl31 t.rainer Into which 

COllltant. tor VIl!'1OU, t~. of &1rcrll.n, oould be .. L 

2.2 A Uniy'rlAl ~ T r oi no r 

Such " u.nl .. raal {liSb" t.ralner val .1.uallsld .1 a oomput.. r 

with adJu.tabll cotfflc lent., t or t be .~U&\loo. of /lircraft mot100 . 

CouU,nh for t he 11rcrtd't c ould t hin be .. t 111to t.h. ICluaUonl IUId 

the co~t..r would prOyldl proper {liSb\ in,trument data for an¥ t.ype 

ot aircraft. Sl.altanlou.ll vit.h thl, coacep\ ot II!. u.nl,.eraal fllcht. 

trainer "hire dl1'Ilope4 • pl&p t or 0.1ne t~ Iqu lp.ent a. aD aircraft 

analyur . 

2 .3 M 41rAratl Mainer 

In ordlr thAt t M 'Quipaotl t IIIeJ' {Wlcllo!! a. d aircraft 

analfS.r. 1\ -u.' predict. r athlr than duplicate air cratt pe r lor .. aoe. 

In 'ra1Mr., 1t .. , Min t he pr aetlce \0 _Ju,' circuits lIhich , 10. 

th.aMh •• , _ 1 not rapreHnt t rue _UwMtlcal equ..tlone. 1lZItl1 

pr ope r bllta.lor it achleftd. .lo u.al,ur . on ,he ot.hn haD4 1U.t. taU 

•• rod.,tDfLa1c cOlfllcilnh obki ned I r oa .,I nd t.UMd ' •• h Md u .. t.bea. 

t.o predic t. .Ircratt. perfor -anco . fhe correct aqUA t, iona of .otlon 

.uat . thara tora. be 101 .. 4 with auttlcle"t .aoaltl.1t, .04 &caurac1 to 

per~t .ttldl.a of eirarat\ at.abl11\1 ~u4 cont. rol . 

2. 31 ll1ch1 Stability ~ gAntrol ~ 

.... a , t. a bllh y and. cont. r ol aM.l1l1r, ehe aqulp" ul\ would 

ccn.l.t ot • co-putor , .. contr ol r ooa .Qd auzlIlar.r aquipatnt. , and • 

cocll:pl t, arra.nc-d '0 "prllnt. ' ba prapo .. d .lrcraft.. Aa aircraft. 

anal,y'1lar of tba ')'PI .1a~hed. ahoul4 perlo ... t.hr.a .. In tuDcUon •. 

2 . 311 "¢pe t. IAP ~ ~JP!r1l!A t.a1 te.t.lnc 

~ Don aid.rabl, aaount ot t.he fllcht. "" iaS in 

' bl .tu4y of a.rocl,tnaal o propert.I ••• nd coot rol . t.abl11ty can btl Md.a 

wltb an Anal ys,r ot t b l. t ype ~ald ~o l nlor_t. lon obtaintd troa 

v1Qd tWind .adal a,u4ie . . 5uab . t.UiUII. t o btl I\lrl , .u.' be ooo. 14 .... bly 

• 

-.-

I.talllllri _. an upend .. and U.JIe-CObwat..ne ua4ertakl.D4: a.ud th, Special 

D8\'lcel Dhhlon undertook to de.llop a unlnrul tra1.ner lot.o wbich 

coutanh tor varlou. t,1l*' of airoraft. could \.e .. , .. 

2 . 2 A Unix.rMl ll..1dll Trainor 

Such • unlYeraAl tll~bt. traloor val '1luallcl4 .1 a oomput.r 

with a4Ju,'abl, ooefficient., f Or t.~ .~U&t.loo, of aircraft. motloo . 

Couu.tlh tor t he a.lror-rt could. t.hln 'be .. , 111\0 thl .~uat10tll NU1 

tbe co~t.r would pr ovlda proper tll~bt. 10.t.~nt 4a'a for an¥ t.ype 

of aircralt.. Sl.ult,anloUI1l yltb t.hi, coacapt. 01 a unl •• r.al fIlch' 

t.rainer 'lulu clll'doped • pl&ll tor tll1nc t.bit .quip_nt. a. an aircrait 

aMITur. 

2.3 ~ 41rgratl 4o+1r,.r 

In ONh[ t hit, t. thlo 'quip_at. IIe¥ flUlcl1 0Jl IU oUI aircraft. 

&nalrs1r, It -us, pc,cliet tItbit t.hAn duplicate .1r~a!t parforaanca. 

In t.rainerl, it No. 'NIIl tba prtw::UcfI \0 .,tJUt' olrouU. wbleh , b 

t.b, • .,eh •• , .,. not rap"Mot. true .t.belllBtlcal IqtlAUO"I. 1lZItil 

proper blltA.lor 11 .u:bleft4. _ ~er. OD ,be o ' hir h&Dd II1lt tab 

alrod,ttwLaic coeflio leoh ob s. l r1ed. l r oa d ud t uru:ld ' •• b a.ad 0" t be .. 

t o pred..ict a l rc r af\ pe rlorJa/l.Dco. n... corrtlct IqUA\iool of .,tlo" 

~,t. . therlfore, btl !IOhed.. v1t.b ,ultlclent ""IHh1t" and. a.oouraoT t.o 

Plr~t. Itudie. of liroralt 1t.,'II11 1t.1 ~,,4 oon trol , 

2.31 ll1ch1 StDbil1\x ~ gQntro1 ~ 

~ I Itabllity &Cd. cootrol ~17ler. che .quip.,nt. would. 

c onlilt. of .. coaputor, .. cootrol rool aQd aU%111ar7 ,qu1pDlOt, aDd .. 

cocll:plc arranc-d. \0 "pre,ult thl propo .. d airo.ratt • .t.a al..rCratt 

aAa~'r ot t be t)'PI "h'OAlbed. abould. Plrlo~ thr .. _111 tUCUODI. 

2 . 311 a.¢action At lxper1llA'al Tt,'inc 

• Dooltd'rabl, .-aun' ol th, lllsbt t','108 10 

' 'II, l'ud.1 ~ .. ,ro4.TDaa1c properU" .04 control d.bULl" ca.n lMi ....a.. 
v1th .. .aal~'r of fohll 'IP' ~I'd. upon ialor .. tloD o'lltalned trol 

wind. 'WIIl,l .c>d.l . \u4111 . 5wlb , tu4.1'I , \ 0 be llU'e, au\ be oOIl.I14,ra'lll, 

• 
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more extensive than those usually made at the present time. The reduction 

in experimental test flying could greatly reduce the cost of new aircraft 

models and improve their operating characteristics* 

2.312 Siudjc fif Unusual Aircraft Designs 

An aircraft s tab i l i ty and control analyzer would 

permit the study of the more radical aircraft designs which, although 

perhaps entirely sound, might not be built for fu l l - sca le testing without 

some preliminary assurance of success. 

2.313 a valuation sL Unfavorable Designs 

Preliminary testing with an aircraft analyzer 

might prevent the unnecessary construction of aircraft models which 

are destined to have unsatisfactory f l ight characterist ics . 

2.32 Equations st Motion 

Unlike the trainer, an aircraft analyzer wil l require 

accurate and carefully arranged equations to represent aircraft motion. 

Preliminary equations were set up prior to December 1944 by the staff 

of the Wright Brothers Wind Tunnel at M.I.I. Since that time these 

equations have been undergoing continuous study and change to better 

represent an airplane during take-off and f l ight conditions. 

2.33 Pi lot BeagtlQB 

Since the characteristics of a good airplane have never 

been reduced to a completely scientific basis, the evaluation of air­

craft behavior depends on the reaction of aircraft pilots. It has 

therefore been considered necessary to obtain results not only as 

performance curves but also as Impressions and opinions of test pilots. 

To make these impressions as realistic as possible, considerable atten­

tion must be given to cockpit design and the simulation of control 

reaction forces, noise, vibration, and motion. 

2.34 Analyuls and Synthesis 

Not only would an aircraft Analyzer permit analysis of 

an aircraft from model studies but, by a reverse process, coefficients 
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IIOre n:hnl1q than tbolM u.w.lly I\f\de at the pre Nat. \1... 'l'he reduct-loll 

in .~rlment.Al 1., , 1. !111D« could ~Iatl, rlAuct th, eDit of Dew aircralt. 

~.l. and Impro" their operat ln~ en-tactlcl , t l el . 

2.312 ~ ~ Unu.uo1 Alrctol\ D. ,len' 

Au atrcrAft It,btlt1., ~ eont rol ana1y,tr would 

ptr=1t t he ,tUdy of th. mort radical aircraft d •• l~. Vb1cb, although 

perhftpi III.Ural)' .ounei, alght DOt be built tor rull-ec~e \a,tiD&: withou t 

10 .. prllla1~y • • • uranoa of .ucCI , •• 

2. 313 ~~ 2( Untayorabl. p..tgn. 
Pr eU.l..nat7 h,tiD« ."ith an aircraft analyur 

a1~t prevlnt t he unnoc" ~1 conltruction of alrcrBlt ~.l. which 

art d., t ined t o hftve WllI.f\ t hfact ory tUj!;bt cWacterhUu . 

2.32 u l.lallQAI ~ &!J.u 
Onl 1.U t. be trainer , an a ircraft a,NI.lrur \/111 rtCllll re 

aceva1-! and oarl fllill t.rt&oged Iqttatloo1 to tapre .. nt airc r af t IIO U OD • 

PreUaio.ar7 1q,ua.U OOI wrt ' It UJ) pr i or t o Diou lb. r 1944 t T the ehrr 

or Uw Wrip ' Br o\here V1D4 twmll at M. I . !. Sillcl t.hat tl l:1e thu l 

.quationl ha •• Men Ulld.r~ing cODtiououl Ihld,)' and chfulp t.o bett. r 

repr e.eot an airplane dorlnt t ake-oft aDd tlltht. condition •• 

2.33 lllR1 ~&Ction 

Sioe. t.hl chAract . rl.tlcl ot a ~ood .lrplan. have ne.er 

been reduced to a COlIIPletel¥ echntlt1c \u",1I, tbl Ivaluatlon ot air­

c raf t behavi or dlpend. OD th. reaction ot aircraft pilot.. It naB 

tblrlfore bl.n coad4lred n.ce ..... r)' t o obt.ia relJ\\lt.1 Dot 001, .1 

pertor.ancl CurVII but allo ~. lmpr ••• i on. an4 opinionl ot t.lt pl10tl . 

To Ilaka thl .. ll1prl .. i on , '" r • • 11.tle ., polilble. conl1d.e,...b!e .UIU­

tlOD .olt be ,l.en to cockpi t dellen and tb. ,i.ulatlon ot control 

.,..acUon torell, noi .. , vibration , aA6 IIIO t l oD. 

2.34 An-lJ.il &nA Srn\be.l1 

WoL on1)' vould IIJI. aireraiL ~1\a1,ur perll\t 1lllI11'h ot 

an alrcrait troll IIIOdl1 'tudtel but. by II rlVlrl' proo •••• co.ttic leoLI 

-. -
• 

t 

• 

• 

.:Ire trt.tnel .. 'ban 'hON utuAll:y lIlIde a \ ~h. pr . .. a' U" . '!'be r eductioll 

1n .~rlmen'Al t.tt !l11D« could gre.t-l, rlduc. 'hI COl' of elw .ircralt 

~.l. and improve their opera t l n« charscte rlat.lct . 

2.312 ~.Ql. Unutua1 Altern\. p .. l.ga 

~ aircrAlt It.,bill" ADd control analyzer would 

per;ut t h. ttU41 of t~ ~r. radical aircraft d •• l~. ¥bien, a1t.bo~ 

p"rhrlpe Intirely 'OuM, m&ht Dot be builL tor rull-ecw t lll t lq; wUholl' 

10 .. pr,lla1Da7y ••• uranoa of .uec •••• 

2.313 ~\.J..D.Q.( Untayorablt putgn. 

PreU.Uuu7 u,Uq .. Hh an aireralt anal,ur 

Id~t prevent the unnoc, .'ftr1 conlt ruc1.1oD or aircral\ ~.l. which 

art d" t ined to hAve UASf\thr",ctory !light characttrhUcl. 

2.32 M1.I41Wut g1 &!1u 
Onllk.e 'he trahlllr, an .1rcrfl.! t anal,s.r vill reClulre 

,ceura" a nd oarefUlly 8Traoted lquat101l1 to r.p ..... nt aircraft WlttOD.. 

PreUa1D&rY 'q.""Uonl .,.NI .,1. up prior \0 Deoellber 1944 t 1 th<t ,htr 

of 1.tw Wr1&h' Brown YiEld. ~.l at. M.l.T. 5111c. that t11:18 the .. 

• quaUOlI.I hal" bien UJlll'r~inK conUDUOUI .tu4.1 and c~ to "n.r 
repre •• nt aD Airplane d~rlnt t~-o(f And flitht con4itlon •• 

2 . 33 l1lR1 @eACSigD 

Sinc. th. charact erlltlcl of • cood airplane hal" ne •• r 

been reduc.d to a cOIIIPI-tel¥ ecllntif1c 'uull , the 'l'.luaUon of .ir­

c ralt behaylor d. pend. on the reaction o( .ircraft pllot.. It hal 

tb.refore b.en cODd4.er.d nec ....... )' t o obtain relJ\1lt. DOL oDl1 •• 

perfor..nc. cur • •• but al.o ~. Lapr •• slon. an4 opinion. of te.t pllot •• 

to ...u tu .. Ulpreilloni ~. realht ic a. po .. lble. conl14.erable IttID­

tiOD ~It be CiTeD to cocKpit de.ltn and tb. 11~tion of control 

reaction f ore •• , ooi .. , .ibration, aD4 -aUOII. 

2 . 34 AnaIJ.l. ADA Sxn\h,.ll 

lot onl)' ¥Ould IJI aircr&f\. IUlal)'IIr per.U ana11't. of 

an aircraft froa eodel .tudi •• but, b)' & rev.r.e proo ••• • coefficient • 

-. -
• 

• 

• 

COlO' IIIOT xu. 

.are n:\'InI1 .. \-baA tbOM uWAll,. lIRde a t. ~h. pr ... ot U.. . fbe reduct.lo!! 

1n . ~rlmen\~ t"t (llt~ Dould £TeatlT r educi t h, 001\ of ne" alrcralt 

~.l. and Jmprove their operat1n« charact. tiotle • • 

2.312 ~ 1d. VwuYAl Alrcrnn DlllCJjl' 

AD airorAf t ,t.billty ~ oontrol &naly~er would 

plrcH t h' ,tWlT of tM ..or. rlUilcal alrcratt d.tt~. Yb1eh. a.hbout;h 

}Mrl\ftpe 10Url11 IICuM , alp' DOt be buill (or full-ecale t .. t 1a.c .,Unout 

10 .. prella1DlU'Y ... urIlLl101 of weee ••• 

2.313 ual1iAUIlD. ~ !Jntayorablt P"lp' 
PreU_1nIL.t7 teltlD« .. Hh &It aircraft anal,yur 

alOiL pnvllnt loh' unnoClltrl1'l conltruction of alror al\ *>4lb which 

are d"Uned to hav .. lUl",thtftc t ory tUsb' oila.rfLOtllrhUol. 

2.32 u\Ia.UQAJ IlL &.uu 
Oollu the traJ_f, !U1 .1J'()rllLn fU1e,l,.,r ..,111 req,ulre 

accurate a nd. carerull,. arr&lJ€ed .quatloll. to rep ..... n \ aircrat t ~t10D • 

Prdl-.1a&r¥ 'Cl1lllUOOI .... r •• ,\ 'liP pdor to DIOIIIMr 1944 t,. til. ,t-.ff 

of \~ Yr1&b t. Brown YU\4 ~.l a\ M.I.t. S1llc1 t hat. tlao the .. 

'qa.I.IOD. ha.,e "'10 1uu11T!E01ntt coaUnwru •• tw\.1 and c~ 1.0 MUir 

"pTe"nt aD alrp4tl1 thU'~ tAke-Off an4 fl1r..hl. cOlu\1t1011.l. 

2.33 l1lRl. ~,*\lon 
S1ne. I.b. chAracl. eTl,t1c. of • eood a1rplane have D'.'r 

beel1 n4ucld to , COlIIPle td,f ~hoU.f1c bIt.,h, tb. e"alllation of aiT­

CTa/t beba.,iOT 4l pend. on the reaction of aiTcratt pilot.. It hal 

tbu,.tore be.n condurld n.c ....... )' t o obtain r.IIUll.. DOl. oDJ., .1 

per for..nc. cur., •• but allo ~I l~r •• ,lon. and opinion. of te.t pllot •• 

to ttab thl .. Urp""lon' ~I realletlc a. pCllllble. cond4erable .t.ten­

tl0D .ult be el.,en to cockpit de.lta and tb. , l .ulatlon of control 

r •• c t lon f oree., nol .. , .lbratlon, &D4 -otloD. 

2 .34 An-l x.l, ADA Srn\h,.1. 

hI. only YO\tl4 f,JI aircraft I\l\&lyul" pe r .H· anal,.1. of 

an .1rcraft fro" lIIOd..l .tu41 •• but, bl 1\ ""'1"'. proo .... c_fficl,nt • 

-. -
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could be changed to obta in d e s i r a b l e performance and the aerodynamic 

p r o p e r t i e s of the model redesigned to produce these c o e f f i c i e n t s . 

2.36 Aircraft Criteria 
The ava i lab i l i ty of an aircraft analyzer would permit 

more complete investigations Into the characteristics of successful 

a ircraft . With aerodynamic characteristics under control and subject 

to rapid change, a better appreciation of factors affecting good a i r ­

craft performance could be achieved. 

2.36 Sjudi fit Automatically Controlled f l ight 

In addition to the study of piloted aircraft such 

equipment should permit studies of aircraft under the control of auto­

matic p i lo t s as well as studies of guided miss i les . 

2.4 DaHMlltg 
An analyzer which wi l l solve the problems outlined above wi l l 

be a computer of considerably greater complexity than any now ex i s t ing . 

At f i r s t a permanent arrangement of computing elements was contemplated 

in the manner originally used in the operational f l ight trainers. It 

early became apparent that such a fixed schematic would be entirely 

impractical because the equations to be solved were undergoing continual 

change and because a computer of this size and potential usefulness 

should not be committed to a single type of problem. Flans therefore 

ca l l for as much f l e x i b i l i t y as possible in the type of problem to be 

solved by the computer portion of the aircraft analyzer. 

3 . FRUSX1TT STATUS 

3 . 1 J M s a U M Cn«jr,it litg 9BHPT"'Y 

The f i r s t plan for the computer to solve aircraft s tab i l i ty 

equations followed the approach previously worked out for f ire control 

computers and dif ferent ia l analyzers. In analogue computation a 

separate computing element i s required for each mathematical step 

involved In the problem solution. The requirement of a real time 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

-. -
COtil'lD\lI'1'lAL 

could. be cbA~d. to obt!Un d •• irable pe rtor_DCe and the urod1naa1c 

prop.rt.be ot t.he IIOdel rededgned to produce th • .., coett1clellt,. 

2.36 'urc ralt Cr1hriA 

The .... allabll1t.;V of an IIolrcra!\ &IUlI,. ... r would ~r"H 

-.ore eo.pl.t., 1an,tlOltloli' lAtll die cbollr..:: t.:rlttl c t ot .llCc ... tul 

aircraft. Wit.h a.rod¥~e characteri ,tic' UDd,r coo t-rol aad IUbJtc t. 

to rap id cha~ •• bttt,r appreciation ot taotor. a!t.ctl~ 1004 .ir­

e raU pertot-.zw:1 001114 be; aehh"d. 

2 . 36 1lwU. g.{ A!l\OMUcal lx Controll.A !Um1 
Ie addlt1011 to the ttU4¥ of piloted aircraft ~h 

.~ulp"lIt &bonld ~r.l t ,tud1, . o! aircraft under the 000\r01 ot auto­

.. t1c pilote •• well a. ,tudl •• ot «Uldt4 ~ •• 11 ••• 

2 .4 11111b111\X 

AD u.a1,ur ..mlch will l ob, the probl, •• outlined abo ... will 

be " oo~ut.r ot con,1d.rably ~ •• t.r co~1.xlt1 tnan aQY DOW .xl.t~. 

J.t tir" • per-..ot ot arranc ... 8Qt. ot COq:A.1\1~ .l,.nt, vat conttlllplahd 

tEl Lbo -.rI.ur or1«1nallJ' '0._ 1.rt. t.la openUorr.al fHeM \n1_re. 1\ 

"1'1.7 _0'" app8rlll\ \hat .ucb • fbM .cbl.Ue would be IIIUre1.7 

lIapr.c,le.l bee.u .. 'he eilue.'lonl \ 0 be lobed we,. Ullderc0 111& contlwa! 

cb.t.D«e aM. bec.u ... cOiipl1\u of tbla du eAd potu,U.l uNfulu .. 

ehould 110' be co_""'ed \0 a dD8l1 'YPI of proble.. Plane therefore 

call for .1 aIoOh flu:. lbll1tl' "I po .. lble 10. 'be '1PI of prcble. '0 be 

l ol .. d bT 'hI coaputer porUol1 of thl aircraf t &ll81.7"T. 

3. I'USU"l' sums 
0\.1 4MbCIa' Co,.mUnc Ip_ u 

fbI flret plaA fo r 'he coIII''o.' u \0 l obe aircTaf' , \I.'InU7 

l ilu.\lon, followed 'he approach PTIyloul lT worked out fiT flTI coetrol 

co~\erl &ad dllflreatla! .aal1.lrl. III e.aalocae co"'.,100 a 

.. para" COllpa.U", ,10.0' 11 requ1r14 f or '.ch _'bl .. U ca! "'p 

UYolye4 111 10M pro'bl .... l'O.Uoli. !'be re,ulr'. I1\ cf .. reel U. 

-
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COtil'ImIi'l'l4L 

could ~ ch&Qged \0 obtain de.lrable p8 rformaDC' &D4 the •• rodJ~ 

prop.r\l~. of the modal red •• i gned to produce th ••• coerficilnt, . 

2.36 ;,irpratt C,UulA 

The ..... lle,bll1t.;v or an I\ 1:ror&1'\ &11411'''' woul4 ~rlll.H 

-ore compl." !D.,...tlpUOIlI lAto lb. clu!.rae t.rl,tl c l of .llCc"l1'ul 

aircraft. With •• rod¥~c cb&racterl ,t.lo1 UDder coot.rol ~ IUbJlc t 

\0 rapid ~ •• bItter appreciat.i on of r .ot.orl atract1 ns 1004 air­

oral t ptrtoT-.zw:1 could be achl ... 4. 

2.36 ~ A( Au\OlAtlPal lx CpA\rpll'd !llJh1 
In addit.ion t.o t he "U4¥ of p ilot.ed airc ralt. fUCh 

Iqulp .. ct abould peralt. ,t.n41 • • 0: aircraft. under the cOlltrol of aut o­

.. t1c pilote .1 veIl '1 ,t.udt •• of ruidl4 ai •• l l ••• 

2 . 4 llu.(lIll1\x 

AD au.lJur ",bleb .nIl l oIn t he probl, •• outl1Dld . '110'" will 

~ a oo~u'.r of conelderebly ~ •• \.r co~1.xl'1 thaD ~ DOW '11.t~. 

At t1r" • perll(lJl,lD.t. &.rrllll«"Mlnt of cOIflFUUn« .18_111., va_ conte!llpahd 

tEl the -.rI.ur or1«lDallJ- 'O.Nd 1A tbe openUonal flipt tr • . 1D1r.. It 

'ar17 beo __ apparu,t tha~ eucb • fUM .che .. Uc would b, IIIUre17 

1I11Pr.ct.led 'beCAII." the '4luaUOIII \ 0 'be lohed we" UDderco111,!; e OIlUwal 

~ aM. bee.u ... co."r of thie ,he U4 potu,Ual 1I. .. 1l1lAe" 

ehould 1I0t be co-.1\\ed t o .. dD81' t)'p' of proble.. Plan . therefore 

call lor •• aIOh fln:.1bUhT ., po .. lble 1.'0 the tT,PI of prcbb. to be 

, 01 •• d bT ,h. oo-va'.r port10n of the alroraft ~lTs'r. 

3. PUSUl' SUfUS 

3.1 w lopt Co,.muQC h_u 

fbi lint pl&A lor tb. cOIIl'uhr to ' oh. aircraft. , ,-'0111,, 
' 4la.'10n, followed tb. approach preylO11.. l, worked out. fer Ill" co,trol 

oOllV4te r, &ad dUlereaUa! __ lT~en. In.-lOCW' co""at1oll .. 

_para" cUJI!lt1UC .le.n' 1e "qulr~ t or each _,b, .. Uea! _"P 

la, ... l ...... 1a ,be pro'ot, ... 1 ... 1.10'0. on. re.,air • • ct of • r,.l U_ 

• 
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COIJ'Im:Ii'l'UJ. 

could 'b. ch&zl,ged ~o obtain d .. babl, ~rtorlllllDC' and. toM .ero~ 

prop.rtl~. of the DOdal reA" l gned to produce tb ••• coefficient, . 

2.36 j,lrgr&tt, ecU.riA 

The .... aila'fllUtl" of an ",l:rora.tt. &.11.&1, .. [ would plcm.U 

lIOn cO-t'l.t . ial' .. tlGft tlotl l lAtll dl. cbar4IC '.rhtlc . or .ucc ... rul 

aircratt. With •• rody~c characteri 'tlc. Udder coo t rol aad tubJac t 

\0 :rap14 ~ •• "the appreciati on of t oot-ou aft-cUll« 1004 air­

cratt ~rtor~. could be $0'111,.,4. 

2 .36 ~ Ar Au\OlAtical ly CpAt,colltd !l1Ih1 
10 add1t1011 t o t ho etU41 of pl1oie4 aircraft .ucb 

.~ulp"At thould ptr.lt ,tud1,. o~ aircraft onder tbe oontrol of acto­

.. tlc pilot ••• well a. ,Iudl •• of ru1da4 ai •• i l, •• 

2 . 4 llexlb1l117 

_ au.lJur ",bleb rill l oIn the probl, •• ouUiae4 , '110 .. will 

bI &. oo~ut.r of oon01doTabir ~ •• t.r co~1'11t1 "nan an1 DOW '11.t~. 

J.t tll'O' • perNJl,lot urAftCeDIIQt of OOll!pUt~ l18_ l1h "". c:ol1t • ..,lahd 

111 th' -.A1I,1t' or1«1Aall1 'OM4 1a tbe opnaHonal fHeM tulaan. It 

lul, MO'- apparu.t \ha\ w.cb a fUM .ch .... Uc would. bl III\lr.l, 

l!11prac\lcal 'MealiN \he a4luaUon, \ 0 'oa ,ohad. wa,.. 1lDcI.It'C0111& eOIlUwal 

~ &tid. beeau .. a eOl!plltar of tht. .tu &Ad potlllUal IIMfu.lae .. 

&bould DOt ba eo-.1Ua4 \ 0 a dJJila t)"pl of proble.. Plan. therefon 

call tor •• D.IO.b flu:.1'OUh, •• po,dbl, 111 th, tlPt ot preble. to btl 

. 01.14 b, "b, coapu1.ar portion ot tbe ,lreraf1. &ll&lJ$ar . 

3. PIl:SD! &U1'US 

01.1 WlaCM CO'lP"s.ln« h·Mu 

fbi tin1. plu tor t ha eOllJlut.r '0 .oha aircraf' ."bUU, 

a4lu.\101l ' fo11o .. 4 'h. approach praY1oua1, worked 0'0\ tar t1r, eoa'ro1 

oo~\.r' a.ad 41U'NaUal .-lpna. Ia &M.lop eo.,tatloD • 

_par,ta eu:pat111C ala.llt 11 raqo.1ra4 for aach _\h,.,1cal I\lp 

uyob.., 1a ,be probla ... 1v,\101l. !'be "'fOira.Il' ot a ra,l 1.1. • 
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•oale placed new and exacting specifications upon the Individual com­

puting components. In most differential analysers variables are repre­

sented by mechanical shaft rotation where several revolutions are 

required to Indicate the maximum excursion of the quantity represented. 

Since some quantities in the aircraft analyser will traverse their 

entire range of operation in a fraction of a second, new high-speed 

computing elements would be required. A completely mechanical system 

did not appear practical because of the complexity, the difficulty of 

interconnection, and the lack of flexibility. Consequently, early 

studies were devoted to the development of computing elements where 

quantities would be represented by electrical voltages. Several 

cirouits were developed for an alternating-current carrier type of 

signal representation. Because the dynamic range of many variables 

require a signal range that Is impractical for electromechanical 

equipment such as potentiometers, some experimental studies were carried 

on with a sliding scale factor technique that will be described In the 

technical part of the report. A computer for solving the aircraft 

problem by analogue techniques would be many times the sise and com­

plexity of any differential analyser developed thus far. As the 

aircraft analyzer was studied in detail and certain schematic circuits 

developed, it became apparent that the following factors oast doubt 

upon the practicality of an instrument of this type. 

3.11 Accuracy and. Sensitivity 

It is doubtful that the required accuracy and sensitivity 

for the aircraft problem can be maintained through the use of analogue 

computing equipment built for the required speed of operation. 

3.12 Complexity 

The large number of computing components (See Section 

4.7) would lead to a volume of equipment that would present serious 

maintenance and operating difficulties. Trouble shooting would be 

difficult and prediction of accuracy nearly impossible* 
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_1. pl&cld. ""wand. 1:aac\1rt,s 'P1c1flcfI,Uo.,,1 u,pOD lh. 1111!h ldual 00" 

pu.U al cOIQXIMlI.h. III 1101\ 4Uhrluti.1 &D&l;rs.rl n1'1 .. 1Il" are rtlpre­

'ID,.d b7 _chauloal ahatt. rot alloD wh.rl "~'r.l r.~olu\lon. are 

t"lqulred. to ind i cate thl llaXi.u. lseu,r1101l of thl 4lu.ntit7 rtipr.lu.tld . 

Slncl ' 0" quaQtltl • • 1n lhl alro ratl analt.lr ..,111 \ r a"'lr '. their 

.."U,. r a.ng. of o~raUoll iD. • !racUolI. of • MOOnd , III '" h1ch~.p .. d 

oOlipuliq ,b_ph would be rtiqulrt1d .... co..,t.ld, _ chall1a.l . "." •• 

414 DOt. app.ar pr.ct.lci l 'becau.e of tbe ca MpI'II"" l h. difficulty of 

1Qt..re ennlctloa, and the lack ot fl ll1b111\1' Con •• qUlnlly. early 

,"udh . "'ere IYyo\ed. t o the d.,nlap.at. of cOlllpDt.ie,s ,le"at. wh," 
q\llUlU \l •• wo'Clld be reprtl .. ntld. 11, .balTica! yoUae" , Sound 

oirouit. .In b 'n lop.d. tor an al\ernaU!lC'"'CUl"nIlL carrier '1P" of 

. 1c:u1 repr ... ."t.IlUOII. BaeauM t.u ~c r • .o"p of IIILIl1 yul,ble, 

rtlq,uire a sip.al r~ tbat. h lJIpracUc al f or ,leolro_ch.nloal 

Iquip"nt l uch ., pohnt lo .. t lrl, ' 0" l:q:.arl_ntal ,1.Q,UI I .. rl aarr lld 

on "Uh • dld1nC -.call factor hehniqul thas " Ul be d. .. o rlbed. 1n t hl 

h ohnicsl psrS ot 10be upor1o. ... co~1olr tor l obi"" sbl ai.rerats 

probh_ '111 analocu- '.ohDlqu • • vould. "-~ U ... sbe , i ... and 00" 

pllJ:Hl of AD¥ dlfte rtus lal a caly u r d.Ttlop.d 'bu l f ar . A, Sbe 

al rcrafs aualYWlr "., 1\\I4 11d 1n d. sail &n4 cl r \sl o Iche~'io c i rcui \l 

d • • • loped, i s '11'0'" appareD\ tha\ 10be tollo"l~ fao\or l oa.t doub ~ 

~a \b, pract icalitl of au Inllru.ent of sbi, ttp • • 

3 .11 acCurACY ~ Stoli'i ri ty 

1\ it doubtful \hat \be uquired aealU'ae1 aM. .. ndUrU;y 

f or 'h. airoraft proble. C&II. 'be ... iatuM4 through \be u .. of &lI8.l~ 

comput l AK .quip_c' built f or t he r .quired. IPlId. of opera1.ioD. 

3.12 CplplixiSI 

'fbI lar", nua'ber of cOlllpnUnc cOllpCIIIDh (Se. SeCUOD 

•• 7) would. 1 .. 4 \0 a .o11lDl of Iquip.nl lbal \/Oul4 P.rIMDt .. riou. 

.. inl.alcol and operati~ 4ilflculllll. froubl1 tboo\1AI would be 

dilt1cul\ &ll.d. precllcUoQ of accuracl nlarl, bpo l dble . 

-, -
.. 

.cal. Jltaol4 _v and u.&C 1.1nc IPlc1flca,lo". "POll ' hi hdld4ual 00'" 

pu.UII, CO._Ii"'. In .01" 41ft,naHal _lpI" ,ar1,1I111 art r.prt-

1.0,.4 'b1 .cbadu.l itbat1. rol.lioll willre ""'Iral ~'I'.lu.UOD' .,.. 

re quired 1.0 1114101" 'hi ~l~ .sour_i OD of 1.b, quan1-!1-1 repr ... ot.4. 

5lae' 10_ qll&llt.U l •• 1D 'Ill 111'Qratt. analrnr vill \1' ..... ,.. t b'lr 

InUrl r~ of op'ra,lol1 14 .. t racHoa. ot • "00114 , III" IUc!l-Ip" cl 

OOIlPUUIl&: ell.u h would 'M nClulTt4 • .a. oOIlllP1.eYol, _ob.aZl1oal 1, 11.,. 
414 ~, app4ar praa\lcI l bec.~ .. of 1-be oOIlP11z11.1 . \b. 41tt l oUl1.1 of 

1a1..rco~c'loll. ~ 'be t.ek of il,Jill11t',. COlle.quIDtl" lar11 

1\1141', "'Ire d,e",ok4 \0 "be 4 ..... 10p_lI\ of 00..,11.\11:1, ,11_1:1.'. "',r. 
q1lall,h l •• would be r.p~"Dt..4 ti, dlctr lcal 't'olt~. . Iu'ual 

olrOll.U , wire 4 ... 1op414 tor I II al\.ruaU~urr .... , curler \~ ot 

t lpal r lpr"'l\t."UOII. lIeCAU" , bot 47ua1c: raJ1P of ..., ur1,lIb. 

require. d&Ml r~ t.ba1. 11 1,IIpracUcal tor .lec\ro_ebatltou. 

' q.uip_at , ueb a. pauQ.\1o_t.r., .0" •• rt_o.\a1 .~u.41 • • Vir. eal'l'l.d 

OD "Uh a al14lo.& lICall fao\er "cbo.lqu.e t.ha \ " Ul k 4I.cd"'d. 1a tbe 

~,eluL1cal part of '~r.pal'\. Ii. collpQ'. r for . 01"'111 ~h. atrcraf~ 

proble. bl IlIAlop '.cho.1qu •• "Ould. be -.zl1 U_. ,ha 11 .. anA 00" 

plll:hl ot U¥ 41rr.reo.,1al a QAl)" u r 4ITllo~d 'bu. t ar. •• 'h. 

atTCraf' 1lJI,II.1"ur "a' .~'Il41'd 1ft d.~l aZII1 c.r,.in , ohl_,10 clrculh 

dlY. loped, U 't.c .... -.ppa..reDt. ,bat t.hI tollo"la.c tao~OTl out. doull' 

U~D , b. prac'loal'" ot a. latt.~Dt. of ' blt t.1P" 

3 . 11 jcoUC&G1 ~ StO.l\lTl\X 

Is 11 doub\tul t.ba, t be rtq.ulr.d ACeurftCl t.A4 .. nt1tlyUr 

t or 'b. dror.n probl,. eu be main'tiood 'hrolJdl \bIt u .. of IUllll~ 

COIlpU\ lDf: .quip_at. buJ.l\ for tbe requir.d .~., at optraUoll.. 

3.12 COIp1'x111 

'fba 1are- auabtr ot eollpUUac Ca-POIIU\, (St. Sec\lo!:! 

4 ,1' "ould 1",4 \ 0. y01_ of .qup.!:!\ \bt\ vo~ priM.' Mrlou. 

_1A\ .... IIIO. anA optr.t.1QC tUftlC1ll\l... trouble tboot.1.Q1 would • 

dlltlcuH ad Jlred,loUoa of aCourfICl Harl1 1Japo.tiblt . 

-, -

CQIJ ..... w. 

.aall Jll..old. ." and u.ac1.1nc IIIICU10.\1001 "POD , he lath14v.al. 00. 

pu.Uq OOJIiXI_Dh. til "I' 41ftlrlDHal ual),,,,u , ar1 .. blll lI .. rt nprl­

•• o~.4 'b7 _cb.a1ca l 1Mt1. 1'0,.\100 wIl .... Mural ,.. .. l.Uorl. aNI 

r'Il\11r~ \0 lnd. l olh ' hi ~l" lse'lU'd OD of tbe lluanU1.1 "pr,"Dte4 . 

Siacl 10_ q\lalltUl • • u ,Il •• !re ran aa.al.7 .. r wi.U ' ''II''''U' "b.'lr 

le'lrl r~ ot opolr .. , lol1 14 • tracHoo ot .. "00114 , al" bJcb· , ptlld 

OOtlpllUll1: ,h_uh would __ ,..qu1",c!. • .a. oOllllPlet.el, _obUl~l 11 ''''· 

4 14 lUI' a pp ... r pr-.o\1011 "beea'll_ ot 1." 00..,t.:I[U1 . lbl d t.ttlou.Hl of 

1a,.rcODAlo1.1oD. aD4 "bl lack ot fllz1blll\I' CocI.qu.o1.1y. 'arl, 
1\Q.t.1 •• " Ire d,e",o-..4 \0 1.b. 4, .... lop_o\ or 00..,11.\1", , leMA" "eIre 

qUall,h l •• ..auld __ rlp,.. .. 01.14 'tI, dlo1.rlcal 't'oU~. . a.Mral. . 
OlrollU, "Ire d, .... lope4 tor a D al\-l"na\lDc-curreo\ C&rrl lr \1P" ot 

11&JY11 repre_MaUoD. lle~v._ , bot ~c r~ ot -..Jq ur1.bit _ 

",u1,.. • d&Ml r~ \ bat 11 IJIpta.cUClal for dlo\ro _ ehuloal 

'lI.u1pMII\ such ... polIG!.ia .. ",r. , , 0_ ":1»1'1.0.' 111 ,'0.41', Wl r . carr1ed 

00. vUIl • .,l 14.1A& .cal. fao'lIr , . cho..lqu.' 'Ill' vJ ll be '-.crl,"' 1A ' Ill 

,.wlcal par' of ' Ill r.per'. ... co.'.r fo r , ohl", ' hi .1rcraf' 

proble. bl au1o(IM t.,chlll qu" lfOu14 be ~ 1.1 •• ,hi Ii ... IlIA co .. 

pl'1Jt.l of .., 41 ff .reo,1al a~ •• r 4, .. l0p44 ' bu. tar. "', tb. 

a1 reran IUlalTt.r v., .''Il4.1,4 h 4. ' all AZII1 c.r'_.1o. l ehI-.Ho clrc111h 

d, .. 10pe4, U 'b,o'" apPlorlct ,u.\ 1,hI fo11o.v l l1(; tllGto.J'I OM\. doubt 

~D , bl prao'10.11\, o.f aC lD"~o' of , bl . 'IP" 
3 . 11 .t.c;AIU'a.c1 &ad. 5tulU'lU 

h 11 40.ub'tul tbe\. , be nqulrtd -.ccurl\Cl IUI4 .. nt1U'fU)' 

f or ' h. airoraft. probl •• cae _ lIIIlJo.t.tD04 'h.roudl ,be u .. of 1U\8.1~ 

COllpuU,,& .qu.1~D' built. fo.r tbe nqlllr.4 .-pe.d: of 0p..,..UOD. 

3.12 COlpl.xil' 

'nil lare- a_bel' of Co.llpUt111C 0.0.11111\1 (St. SeoUoc 

4.7) " ould. lIa1l '0. 'fOl_ of 'quip.ct. tbat voul4 F, .. nt .. rlo'U 

_111' ...... 0. aod 0JII,.,lCC 41ftlcul ' ln. 'frou'bl. uo,\1.11« vou.l4 tat 
41tt1ouH ~ prt41ot.1u of .cOlU'lICl Mar17 1IIpo,"'bl • • 

-, -



COHTIDXHTIAL 

3.13 F lex ib i l i t y 

The form of the equations describing aircraft motion 

wi l l be subject to continual change and improvement as wind tunnel and 

f l ight test data becomes more accurate or i s expressed in different 

terms. Modification of the equations may be from time to time desirable 

as studies of the methods of solution progress* To be useful , therefore, 

even in the solution of aircraft s ta b i l i t y problems, a f l ex ib le computer 

schematic must be maintained. For an e l e c t r i c a l analogue computer 

th i s would mean a plug-board type of interconnection which i s not 

considered desirable for a computer having a large number of elements 

and requiring the dynamic range which must be associated with the a ir ­

craft analyzer equipment. > 

3.14 Limbed implication 

A computer of the analogue type would be expensive, 

would require a long development time, and when finished, would be of 

rather specialized nature and suitable only for a limited c las s of 

problems. A computer which represents the investment contemplated 

for the aircraft analyzer should be so designed that many other classes 

of sc ient i f ic problems can be solved. 

3.2 Digital Computation 

Many of the disadvantages attributed to analogue computers 

can be overcome through the use of numerical analysis methods and 

electronic d ig i ta l computation. 

3.21 Advantages 

3.211 Accuracy and Sensi t iv i ty 

Whereas the accuracy and sens i t iv i ty of the analogue 

computer are limited by the mechanical and e lectr ical tolerance* asso­

ciated with i t s physical components, the accuracy and sens i t iv i ty of a 

d ig i ta l computer depend primarily upon the mathematical process selected, 

the number of d i g i t a l places carried in computation, and the increments 

along the independent variable at which solutions are taken. 
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3.13 1l.xibl11\z 

!~ f or. or the . quat-ion, 11'lOr1b1"« aircratt -otton 

will b. lubJ.ct \0 cODU nual ohe..D.ge and lapron_nt. u "ll1d tW!Ul.l &lid 

fUp" t"t d..ata b.co", !!lOre accurate or h n :;pn .. ,d in d11't.rlllt. 

t .re. . Mod1lIe .. ' 100 of the 'Quation. 1118Y be Iro. Ulle t o ttz. d.sirable 

a • • tu41 •• or t.h, llethod. of .01ut1011 Pl'0Crl •• • To be \I .. t~. t h'refor., 

..... D 111 the . elution of aircrs!t .\ab11 1ty probll •• , a t1.:I1b1ll co~hr 

. ch .... Uc JIll," be -.lDtained . lor &II abot-rical aul0«U' coaputlr 

"bit would _an ft plug-board ')'}Ie of interconnection which 11 not 

considered dl,irable tor a oomputer haYing a laree nuaber of denao'" 

alld re qu.1r l l1&: the 4ya&a1c ran«e which .",t be ... oclate4 .... iLli t be air­

cratt an&lll1 r 'C!.Ulp M Ilt.. 

3.14 L1wi\.d 4Drl lcAt l on 

j, cOllput..r of the analogutl tyPtl 'IOUld be .xp.nd ... . 

would requi Te (I. loDot; d'Telopme nt U .. , &.Cd ",b'n tiDhh.d. would b. of 

rath,l:' lJl.c l.Uu4 naturl and auh.ble only for II Ualted el ... of 

probleili . J,. eOl:lputer wh1ch. repretllllotl U.e loveetll!lnt cootelllpl.t.ed 

for t he .1rer~t anallser Ibould be eo de llsned that -.ny ot her elal.ee 

of teleDUrie problelll can be lobed. 

3 . 0: P1dtal COpputoHOD 

~ of t he d lu.4l'ant88'l1 attr1buted to an.alo,;ua oomputere 

can be O1'erCOIII t hrough t he ule of oumerlcol ~11.11 .etbodl a04 

electroolc d1,1tal co~tat1oo . 

3.21 A4! &Qtace' 
3 . 211 AsC;urac y lioii4 Stn.UhUx 

Vbere •• tte accurscl and leol1tlvltl of the .c.1ocue 

co~ter are 11.1tad bl t he mechtloic~l aDd electri cal to1erllOce •• e.o­

clated. w1\b itt ph¥.lcal cO&lponentt, tbe accurac), &lid .. ui\1,H), ot a 

d1,1 t&1 co~uter depead pr i~&rl1y upon tbe mathematical pr oce •• lelected. 

the Iluear of d1lit.l plac" carried in cOllpolltaUolI, u4 t he locre .n'" 

aloDC tbe lodapeDdeot l'&riable at which eolutioD' are taken. 

-. -
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3.13 n,rlbUl\J 

!~ tora or t he .quatlon. I1llOr1b1"« aircraft -otlo~ 

will h lubJ.ot \0 contioUal oha.D.ge and hpronlllll'l t u ",ll1d tWUlel and 

fUp" to.,t. "-"e. btcollllu IIIO~ accurate or h '~rI .. ed 1n 411'tlrlll\ 

t .ra.. No4111e&t10D of tile 'Qu&Uon. 1Qa)' be troa Un to t1M de,ir.bl. 

a' .hldl •• of t.b. lIe"hod, of .elutioD p r oCNI ... '1'0 b. u •• tul, th."~or •. 

... n 1n the .olu t. ion of aircraft d",bU1t.y problla. , a fl.xible cO.".r 
.cb .... Uc 1IIl1t. ba .. lDtalned. lor a.a .botTleal aulo&U' compuhr 

t.hi. would _ an ft plurbcard t)'lle of interconnection which 11 not. 

Qonaid'rld dedrable for (I. oo-.pu1.e r ba"ln« (I. 1&T,.. nu.-ber of dlAl\lIh 

and ru.u.1rlD« the 4yaa.a1c r~ whleb B1St ..,. ... oetat..t ..,1t.b tbe alr-

cratt analyser .qulp .. ot. • 
3.14 Ll a1ud &ml1(;AU On 

.a. cOIlpUt..r of t he analogue t1}le would be '%pln.h., 

would rlquJre (I. lollog d.flIlopMnt \1 .... and. when tiGhhed. WQul4 b. of 

rather 'P'ol,Uud rultur. and mlt.Bble only t or ... Ualted. cia .. or 

p r oble lls. J,. oOl:lputer .. bieh. reF'.lIt l tt;e 111",t_nt contellJllat.ed. 

r or thl .i r oratt allAlYl8r sl1ould. be '0 dedped that -.Il,)' ot h.r ola ... . 

or ~l.Dttrlc problellls can be ,01.ed. 

3.~ »1,11&1 Ccpputnt1o; 

~ of "he dha4.ant.,;e. at "r1buhd. to lUIAlol;'WI cOlIIPuter. 

can b. onrco .. "hro~ t ne l1S1 or l1\1P:!rlcc.l analy.h IIIthods alId 

IllctrOQiC 41,itsl co~u".tlcn. 

3.21 Ad!aota«e' 

3 . 211 icSUfoC! ag4 5ID.1\1,1\1 

Vblrl.' t t l accuracy ~ sln,i t iv1 t y of t be .nalocue 

co~ter arl li_lteel by t he mechallicAl &D4 Ileotrlcal " ol.reAC" .,.0-
dated .. 1\11 h. phT, lclIol coaponenh, thl accuzllocy and "DsithUy or • 

dl,l,,&1 coBput.r dlp.ad pr1~T111 upon "hi .ath.mat1ca! procI" S,1'C"14, 

thl nue.r of 41,1 t al p1# .. carried in cO!lpl1"a Uon, &Ad tbe b oOre _nh 

.. l one t hl l Ddt1peDdI; \ .ar1&bll a\ .. bieh loluUou are tWft. 

-. -
OODlIIIJ/rw 

3.13 n.rlbilUJ 

'lh. fora or th, . quaUOtll d.eerlbln« aircraft. -oUon 

w:1 11 b. lubJ.ct \0 cGntillual o~ and iJlpronmilM u .. 1Dd t.WUle l &lid 

fUpt. t.llt. dat.a becclDe. IIOre accurat.e or 1. UGln .. , d. in 411'tlrlill. 

"'rill. Mo4111catloll of t.he .ql.l&t.101l1 ilia)' be trOI UN \0 U u ."edratlle 

II . ' udl • • of t.b. _"bode of .elutioD PI'OCr. ... '1'0" u •• !ul, th,refor., 

t •• D :1 11 t he . olut.ion of aircraft 'tabUlt;y problla., " 11.:l:1b1l co~t..r 

, cheeat. :1o ault. be ~lDtalned. lor a.a Il. ot.rlcal &aalolU* compllt.r 

t.hit wauld _ an ft plurbeazod type of lnt.rcofU2ac t lon which it not. 

cOlldde,..4 d.dr,b1e for .. oOlq1Uter b.lI.'r in,; .. larc- JlUIIber of .le~I!.t.. 

a.a4 nqu.1r 1oc the d.;raaa1c r~ which lIIU.t. .,. " 'CIC1.'~ ..,1\h tbe air­

era!1- lIlI&lyur .quip_nt. 

3 .14 Ll w1ud Wl1CAUOA 

j, cOllpUt..r of th, analogue t1}ltl vou.l4 be 'Xp.n.ln, 

would requ.i re .. 10Il0(l 4u'elop_nt U. , and. .m.tn t1ohb8d. would b. of 

rather ~ecl.U ... d a.attlN an4 wlhble only for II l1-.1t.,d 01 ... ot 

proble.. . • coqmter ... bkh repr"BII.tl tt;.e la ..... t .. n~ cIIZl~eqd.Akd. 

t or the 1I.1 rcra.h anal,ser .b.ou14 be .0 dedSlled tha~ -.nl II t h,r cla •• e. 

ot ICleD~1t10 probl.~. can be .oly.d.. 

3 . ~ »111t&1 CARpUtA t10n 

Ma..A.l" ot " hi 4h.,haDta&e' .t ~r1buhd to IUlAloCWI AOmput er. 

Call b, onrco .. ~hrAU«b t he '\I." ot au.r1oai. anA17.h lIIIt.hod ... ad. 

.1.0t.roa1c 41,1 t a.l oo~ut..~loQ . 

3.21 A4!ant.ACJ' 

3 . 211 AaGUfaC! ami 5'0,111,1\1 

Vblrl.' ttl accuracy ~ .la.1t.1.1 ", ot ,,~ analocue 

cO~~lr are 11.1\.14 b, "be mechan1c~l aDd tlec"rlcAl "ol.raDee . ",0-
C18ted with 1". phl.1c~l cocponen ~ l. th. accUTac1 and lIo ,1"1.1 "y ot • 

dicl tal co~utlr dlpead prlr.ar111 upon "b ... tb'~tleal procl •• _,1.et I4, 

tt. o'\l..llil:Mlr or dlc1t.1Ll pl# .. carr1t4 111 cOl!pU.taUon. &PI! the bcu· • • nh 

.. l ODe tb. l oMpead.,Ot Ya.rlabll at ... bleh soluUou art tabn_ 
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3.212 flexibility 
A digital computer need not depend upon the 

physical interconnection or positioning of components for its schematic 

hookup. Problems are set up through the use of punched cards, tape, or 

some other prepared form of information. Changes in equations repre­

senting particular problems can be readily accommodated as well as making 

possible changes to entirely different types of scientific problems. 

3.213 Predictabil ity 

Operation of the d ig i ta l computer i s identical 

except for solution time with the process followed in step-by-step 

numerical analysis methods. Solutions can therefore be worked out 

ahead of time for certain examples, using calculating machines and 

operators. The form and accuracy of a solution can therefore be pre­

dicted and wi l l not depend upon physical tolerances and behavior of 

circuit elements in the computer so long as operation i s trouble free. 

3.214 Scope 

The digital computer may be applied to many 

problems to which the analogue computer would not be applicable. 

in this computer attention is being centered on 

applied science and engineering. Emphasis will be placed on its adap­

tation to dynamic systems such as aircraft, automatic fire control, and 

servomechanisms. 

Application to algebraic equations will be 

studied. For the present, the solution of partial differential equa­

tions will receive only secondary interest until electronic techniques 

are under control. 

3.22 Disadvantages fif. a Digital Computer 

3.221 Development Time 

Development time for a digital computer will be 

perhaps longer than for an analogue type system. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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3.212 rl'llbl1~ 

~ d1,lt,1 co~t'r n.. 4 DC\ d.penA upon thl 

pll¥dcal iDt.rCODI!eO UOD or p1).hlonl-ac of COIllpo~lIt. tor itt -eM.UC 

boomp . frobl ••• are .. t. up t hrough tblt u .. ot pulIC~d. card., t ape. or 

IO~' oth.r pr'par.d fora of information . Change. 1n .quation. r lpr.-

.. nUng particular probh •• can b. ra.dll)' aecoa.od.\ld. II .... 11 at 1Wt1~ 

po .. lble cb.aD&-t to. ' I1\lr.l, d1ft-rent t~. of 1I01IntUlc probleml. 

3 .313 Prldictability 

ap.ratloD of tbe 41g1tal computer 1. ld..utica! 

.selp" for . oluU oD \1_ wah the proc.II (alloyed 10 .tep--b1-,t.P 

Solutiol" can "hIntoN be worked cut 

ahead. of ti .. tor c.rt.1n .uarpl •• , u.in« c.lculat.1Q& Mehin .. and 

opera\or.. 1'he fora anA ILCCUl'AC1 of a taintloD etA th,refon 'be pr.­

dleted and wl11 Dot depend upon ph7.1c.l tol.~o •• An4 b.baylor of 

clrcult ,l • .ent. 1n the computer .0 IODS a. operation 1. troub le 11"', 

3.314 k.Ra 
The 41,1ta! co-vut.r ~ b. appllad to .any 

pr obla .. to whloh tb. analo~ co~utar wguld not be applicable . 

1.0 tbl, compater .ttantl.on 1, be l nc centerad on 

appUed ec l ellC' and 'n.flDH,lD4\:. l:~e1, w111 be p4ced 0.0 It. ,!lap-­

t,tl.on t o ~c 'T,te., .uGh ., ,1~raft, .ut .o-atlc fl" c.ontrol, and 

"rvomecba.ol,., . 

~llc.tlon t .o al"br.lc , ~uatloDe w1ll be 

,tudled. '.or the pr",nt, tb, .. bUon ot parU.l cUtterenU,l 'quA­
H on. will nc,"', on1.r ,.aol1darr lilt',.." u..oUl , lactron i c \ech.o.lqu'. 

are under oontrol. 

3.22 Plt1dllAt.", it • D1C1t&1 OOIpS\,r 

3 . 221 l!tulop_A1 I1!Il 
D.,.elop_nt U_ tor & UC1tal o.ollputar w111 be 

parhap, lOQC'r thaD for an analocna t~ 'lat a •. 

-. -

• 

• 
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3.212 11.,1b11111 

~ 41,1\,1 co~\.r De. 4 11.0\ d.pend upon th. 

JIh.1dcal iut.rCODMO U olI. or podt ionlA4 of COmpoDell t . tor ih -eM.UC 

hoolNp . Probb •• are .. t. up thr'~ the u .. of pu.ncbd card.., tape. or 

10m. other pr'par.d tor. of information. Cb&D«e' i n .qu.tloD' r ept.-

.. ntag particular pr obb •• cu b. r aadUy ..ccollaod..T..d I I _11 It -ak1~ 

po .. l ble ~. \0 'Q\lr.lT dlttuen\ t)'Pe 1 of 1IC 1u .tUlc probblll" 

3 . 313 Prl41c\abl11tl 

ap.r.tloD of tbe 41,1\,1 comput .r 1, idlotica! 

'Ial p' for .elutioD \1 .. ylth th. procl •• f olloved 111. .t.p-b7-,t.P 

SolutiOQ, can t haretoN t. vcrked out 

&head. or l1M t or ont,1ft .:lampl •• , Ud ntl c.leulatlQ& ww:hine. aDd 

ope rat.Or.. 1'hlI tor. a.aA acCurACY ot •• olut.ioD C,D t.her,fore boa prt­

dieted and wl11 not d.peD4 upon ph1 .1c.l tol.~c •• and b.bayl or of 

c1rcu H . 1 •• nt. in tbe COlI!IpUt. r .0 10D« II oper,UoQ 11 tr ouble n· ••. 
3. a14 .k.RJII. 

The dl&1\.al coapuUr IIA1 b. applied ~o -.nJ 

proble .. ~o whloh tbl analOr;tUI CO!llput.r ~uld not be .ppl1cllble . 

10 thl. oomput.r att. ot l oo 1. be1nc c.nt. r.4 00 

eppUed ecluee aftC!. e~1_rlGC. l:.lllphe.eh wUl be plac.d on Ue a4.p­

ta\.loo t o ~c .,.t e •• .uch a. aircraft, au' o~tlc f1r a coo'rol , and 

Mrvomeoh_l ••• . 

~1Ica'10o t o .lc-br al0 e ~uatloo. vill be 

I , ud. l ed . ' or ,he pr' .. ot, tb . .. lutlon of parU.l dUf. renUal I8qtlIIr.~ 

H onl will r.o81 ... 001, lecOa4arT 10,.,." unHl . 1.otr0l110 ~oblqv.'1 

are und.r oontrol. 

3 . 22 1)1y4up.\aa' Rl. .. 1)1«1\.&1 COIp!l\tr 

3 . 221 DtDlpp"A1 l1!l 
De"1op_a' \.* for a 4.1,1\&1 oOllpUt.r wUl be 

perhap. 10ll«'r t han tor aJI ~ocue t)'Jl' 1,.'18 •• 

-. -
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3.212 fl"lbl111r 

A 41,ltal cO~\'r 0..4 not d.pend upon the 

pb,rdc&l iAt.rcollIlolO UOII. or podtloDl~ ot cOIllJlODeot. tor H • .cblf ... Uc 

boomp . Probh •• are Nt up thrOUlh "hit Ut. ot JNl1Ched cud.., tapt. OT 

10 •• ot~.r pr'per.d tora of intormation. C~. ie lqu.tloD. rlpr.­

_neUe plIZt.1culu probh •• CIUl bt rhdlll' ..coo.-04,\ed .. _11 It Mk1QC 

po.dbu ~. \0 ' Qth',lr d.Ur-reot tJPe' ot IICtuu.f1c probhllll. 

3. 313 Prl41c\.bl11tJ 

Opuatl ou of ttl. dl,l tal cOlllpUt.r 1 . U.IOUCal 

u :c.p\ for .elution \1. w1th tht Foc ... !oUoV«!. in .tep-b1-,t.P 

Solutloo. can "hInton tNt worked. out 

Ahea4 ot t1M t or cnt.1ft 'J.&lDPlt •• UI1t11 ealculat.lll& IIIIIChinu a.od. 

ope rlll\or.. 'nt. to[1II &Il4 aoCurACY ot fl .olution C,.ri tb.refore 'be PJ't­

dieted. and wIll Dot depend 01'00 ph:.lc.l tol.~c •• An4 b.baylor of 

circUlt ,l._IIt., In tbe COlI!pUter .0 IOIll II optr.t.loo 1. trouble fr ••• 

3.314 kU!l 
The 41,1\.al COIlpUUr -s b. appl1ed t o ~ 

proble .. to wh1ch t.hI analcr;ue eC1!lput.er wllld not. '" applicable. 

10 t.hie comput.er .t.1.e n1.10n 1, belac cantered on 

ewU.d .duc •• 04 .1lI1I1oMTlac. i.lllpbal11 ,,111 be placed on HI a4.;p­

t.~lon t.o 4~c 11It •• 1 lUoh III aircraft., aut.o.atlc flrl cootrol, and 

.. ryomech_ll., . 

~llc.t.loo t. o alcabralc Iqua\lonl vl11 be 

ItwUed. 'or \he pre"II t., t.be I01u1.1011 of PIU' ~W 4l1fer-oUal equA~ 

~loJl.I ri ll reod ... oo.l.r IIC'O/ldarJ lAt ..... " UJl,tU . 1.01.r0l110 t.ech.o..lqu.11 

arl WIller l;Ion\ro1-

3 . 22 piMl1JM' ..... Rt. .. Dldt.a,l COAlttr 

3 . 221 J)lD1ap .. at t1!t. 
De.,.loplIlIl\ \1_ for a U,lLal oOIlp\lt.lr " U1 'be 

perbapi 10ncer t.han for ~ analocaa t.,pe 111\'.' 

-. -
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3.222 Cost 

Development cost for a d ig i ta l computer w i l l be 

high and rather d i f f i cu l t to est laate although construction cost should 

be lower than for the analogue system. 

3.223 Parallel Operation 

In order to solve the aircraft stability equations 

in real time, some parallel operation of electronic computing elements 

will probably be necessary, thereby leading to more complicated circuits 

than might otherwise be required. 

3.23 Proposed Approach 

3.231 Binary System 

At the present time it is anticipated that compu­

tation will be done in the binary system of notation. Tor the aircraft 

analyser itself this represents no difficulty since results will be 

derived as graphical representations and conversion from the decimal 

system will not be required except in setting up a problem. Tor other 

types of scientific computation Input and output conversion with re­

quired recording equipment must be developed. 

3.232 Sexial Operation 

Insofar as possible, computing operations will be 

done In a serial manner. The digits of a number will be transmitted 

consecutively over the same circuit and identified by their location 

In time. Some parallel operation may be required such as computation 

occurring simultaneously with the setup of the next step and perhaps 

simultaneously with certain subsidiary operations, such as interpolation 

for coefficients. Multiplication time will be reduced by parallel 

computation. 

3.233 Operating Speed, 

At the present time operation Is contemplated 

with the use of 1/4 microsecond video pulses to represent binary digits 

with a 1 megacycle repetition rate. Preliminary investigations are 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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3.222 ~ 
Denlop.at co,t for a UCital cOllPUter' w111 be 

hiP. And rAtber d1ff10111t to .. ti_t. IlltbataCb o.lI.trucHoll co.~ UIould 

b. 10_1' than for t h. Aoaloguo l1,h8. 

3.223 FAtall.l OptratiQA 

111 o~.r t o .01TO 'be airoraf' "abillt, equa\lonl 

In ro,l \1 .. , . 0 .. par.ll.l o~r&t lol1 of .lectr.Dic co~tlbC .1 .... '. 

viII probabl1 be Dlc.,oarl, th.r.b, l0a4ia« '0 -or. co.plloatot circuit. 

than _1f;ht othenrh. be required. 

3 . 23 ProPAted AgproAQh 

3.231 l1rIa..tx IDl.l.!. 
.1\ t h. pnollnt u_ it h utl01pa'04 u.at 001lJlU­

taUoa wl11 b. dOM 1D. t ho binar1 '1,,,a of Dot.tioll. 70r th •• 1rera!t 

aAll.ll'llr it..-If thh rlpro .. ato 11.0 d1ff1ctll.'1 ,!..ncl rulilto will be 

dlri.ld .. I CrApbical rlprollctation, ~4 con •• r.loll fro. tho 40claal 

.,..tem v1 11 not b. require4 uelp' ln .. 'Unc up a proble.. 70r othlr 

type' of scilntific computatioD iaput and outpat eoa.lrlloa vi'b ro­

~ired r.cordiac .quip"a' ~.t bl "'I .. loped. 

3.232 ~ Qperat1QD 

Insofar a. po •• ibll, eomput1cc oporatioa. viII be 

doni ia a IIrlal MnZlIr. TbII digiti of a nu&blr will be tcon.mUt.ld 

cOIlI.cuth.ll' o .. r t.ho .... c1rcuit lUI4 ldoD.t.1I1.d b, tMlr looation 

111 tlDt. So_ pu'all.l operation IDe¥ be uq,u1r.d weh a' eOIlpU, .. Uoll 

ocourr1nc '~'&IlIou'll w1t.h the •• tup of t.hl no~' I'.p s Dd perhap, 

114Olt.aneou.l, w1th clrta1. ~b.ldlary operatlon., lucb a' In'lrpoiatloa 

for coeffiei.nt,. Mul'lplicat1on t.l .. vl11 b. reducad b, paralill 

cOllput.t.loa . 

3.233 Optr .. ting ~ 

~t. thl prelellt t.1me operatlon 1, coat.aplat.od 

vUh the u .. ot 1/4 .1crOlloo04 ,.ld.o pul ... t o rlpre .. nt. binar1 41,ltl 

vi t h .. 1 _CSC1C1I rlpetltio. rst.. Prlll.1narT In, •• t.1cat.loa. are 

• 
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3.222 W1 
Dndop.nt COlt fo r a UCital co.ter" Yill be 

hip AD.4 ratblr 411f1ctU' '0 I IU_'I altboacb olaltr\1C\1oa COtt .bould 

111 lovlIr t hAD. f or thl 1.D.a1oru- I1th&. 

3 . 233 FAtallll Operation 

In o~tr t o tol .- tbe a .1roraf' ttablllt1 lqaa, lonl 

In ~a1 \ 1 .. , t o .. peral1al o~ratloa of a LtctrtD.ic cI.pat1ac ala .. n'a 

wi ll proballlT be Daca.tarT. tbarebT laa41ac '0 -ora co.plloatt4 clrcuit . 

tban &1«ht 0\}loIrv1le be raqu.1rad. 

3 . 23 PrApoltd AgproaAh 

3 . 2::31 IJ..II.a.a hJ1JA 
At t ha pr..ent t 1 .. I t 1. ~tl01pa\ad that oo~­

taUoD wi ll be dOM 1.0 t ha blaarT ITI'" of Dotatloa. 70r tha aircraft 

analyur Heelf thi t rtpre_Dh DO dUf1c'O.l.tT l!..net rero t. v111 be 

derhed .t craph1cal raprellnt"Uon. 1114 oonTlrt1on fro. the 4ec1-.1 

qt"lII v111 not bl re qu.lred n.capt 1n .. tUnc up a prollLt.. Jor othar 

typal of e.clentiflc 00=putat10n input 1114 output oon~tralon with rt­

q1lirt4 raeordinc tqu.lp"n\ 11'11" be 4tnlopa4. 

3 . 2::32 ~ Qperatlgn 

InlDfar a . po"ibla, oompuUnc operaUona v ill be 

done to. a .trW -.nAIr. Tbt digiti of a nuabtr w111 btl trt.DIIIIUte4 

oon aoeuthel¥ o~ar t ho .... o i .rcult au4 ld.eotUled bT thdr loo.Uon 

to. tllla. So_ puallel operat 10n 118¥ be required. tuch II cocp'll.t.Uon 

occnrr1nc .t.a.lt~ou.lT vUb t he .ehl,p of tho nt .. t at.p aJ14 perhap . 

al~'lI1a o'll.tlT with cartaln ~b.td.1arr operatlon., auch al in' erpola\ion 

for 00l(f1clent.. Multlpl1cation 1.1 .. vt ll be raduetli bT parallal 

cOllput., tOD . 

3 . 233 Optrat1Dg ~ 

At t hl pra .. nt ti .. oper.t10'll. 1, oon,.~l.te4 

.,Ub tbt uu of 1/4 .iorolleond ~1d.eo pultet to raprallnt blnarT d1cita 

vith a 1 _C.etc1, repetition rat.. rral l a1narT la'att1cat1ont are 

• 
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3.222 2.uJ. 
Drndop. nt CO lt lor .. A!.cttal oOllJM.ter 11'111 be 

hlp and. ratb. r 41lflc1ll\ \ 0 ,.U_\I althOl!Cb olo.tru,c\1on COlt .boul4 

111 lo_r t h.&n l or thl all&lo"" I1ltea. 

3 . 233 fAlallll Optratioo 

10 ord.lr t o loIn t he a.irorat~ ItaliUtt, Iqga\1001 

1n ~a1 ti .. , 10 .. paralill operat ion 01 , 1Iotrlo1o cI~tlbC .ll ... t . 

viI I prollob17 be UlCI,aar,. thlreb, l aadiac \ 0 -ore co.plloate4 circuit . 

t.han .~t otbervite 'be r l qu.1red. 

3. 23 Prqpoaod AgprqAAb 

3.231 1J..D.a.tx.h.Uu. 
.a.t t hl pnoMnt U_ 1\ it oUI\1oipat" tq,t 001lpU­

tot loo wl 11 bl dona 10 t hl blnar7 '7It,. of oot,ti oo . 70r th • .,lrcraft 

oUIa17ur Ihel1 thit rlpre_ott DO 4 1tf1cD.lt7 11001 r"u te vl11 be 

41rl.14 a. , r lphical rlprellntat10n l and con.lr.ioo Iro. t ha 4lclaa! 

111\1. vill oot b, " quired .. .elp\ io .. U1ll, up a pro1l1l.. r or othe r 

t ypel of e.ei,ntlf l c co=putat lon inpot and out pu L coo.lr.loo vith re­

Cl'ired reoof'dlD' IquiJIMDt 11'111 ' bl 41" l ope4. 

3 . 232 ~ Qperat1an 

luolar a l po .. ibll, ccapuUOC openUoDi v Ul be 

doo' io (I. IIrtal ~r. The d1gitl of a nu.be r w111 be t r anl. Utl4 

coolecu\1YIl)' o. lr t he .... cl.N:\lit aDd luoU.!lld bT t heir l ocation 

10 tUit. So_ parallal opera t i oO IfItto¥ be nqui.red IUDb AI cOIlp'lltaUon 

ooovr1nc It-UtauouII, ",Uh t he .etup of the nut ItlP aDd perhaps 

s laaltane o'll111 v1th olrtoLD ~blldLar7 operation . , l uch a. tntlrpolat 1oo 

for 00lflie110ts . Mul t ipl lcatl on tl .. wl11 bl r , ducld bT parallil 

oOllputa' 100 . 

3 . 233 9p!ratlng ~ 

At t hl pretent t1 .. operation 1. oootiaplattd. 

wUh tbe u .. of 1/4 alorolloood ,,1410 pul ... \ 0 rlpnMnt 1I1DarT 41e"l 

w1 tb • I .. ,aarc1e repet1tlon rate . Prll i.1D&r1 10'11\1sat 1ool art 

• 
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being c a r r i e d on at a 100 k i l o c y c l e r e p e t i t i o n ra te and s t u d i e s w i l l he 

Bade t o cheek the f e a s i b i l i t y of r a t e s above one megacycle. 

3 .234 E l e c t r o s t a t l c Storage 

Storage of p a r t i a l s o l u t i o n s w i l l be attempted by 

seans of e l e c t r o s t a t i c storage t u b e s . Because of the computing speed 

required In problems Involv ing r e a l t ime, a storage method permit t ing 

Immediate I n s e r t i o n and withdrawal of s tored data I s d e s i r a b l e . Storage 

by supersonic de lay techniques may be used In c e r t a i n p l a c e s I f advan­

tages are demonstrated for t h i s type of s t o r a g e . 

3 . 3 4 Be search Problems 

3 . 3 4 1 Slfil&ge. 

I t i s a n t i c i p a t e d that 200,000 to 500,000 binary 

d i g i t s must be s tored In t h i s computer. This t o t a l represents both the 

program, the storage of f i x e d q u a n t i t i e s , f u n c t i o n t a b l e s and c o e f f i c i e n t s , 

and the s torage of p a r t i a l r e s u l t s . The two former c a t e g o r i e s can use 

semi-permanent storage as d i s t i n g u i s h e d from high-speed e l e c t r o s t a t i c 

s t o r a g e . 

3 .342 fxfigxaa 

Program c o n t r o l techniques for the computer must 

bedeveloped which w i l l take Information from a semi-permanent, form of 

r e p r e s e n t a t i o n and use i t for c o n t r o l of h igh-speed storage and computing 

p r o c e s s e s . 

3 .343 Q l — | M 

Computer circuits for addition, subtraction, 

multiplication, and division will be required as well as perhaps a 

special unit for interpolation in order that solution time can be con­

served. Other arithmetical and algebraic operations may be programmed 

in terms of these basic steps. 

3.344 Ch££kjjvg 

Checking and trouble shooting procedures must be 

established and built into the computer. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

COl1'lDInUL 

\elnc c.rrl,4 on at a 100 kl1ocTC1, r-~tltlon rate an4 etu41 •• wl11 b, 

""'e to cblek tbl !lalib111t, of ratll aboft one _PCTCli. 

3.2:K n.etru\atk Storace 

St ora«e of partial eoluUnae will be a"ellpted bT 

"Ille of .i' otro.taUe .tor..,.. \ubt.. Bec..iu .. of th. c.olllP'ltillf: epHd 

r.qu1red ln proble.e In.oly1nc real tt.a, •• tora«' .. thod ~r.lttln« 

a-d.late In .. rUon aDd wlthdrawal of etorld ~ta 11 d •• inblt. Stora68 

by IIlptrtoDlo del.a¥ ttc.bJll'lUA •• , be u_d. 1. c.ert&.1n plaell if adYaD­

t"'e are d.MODBtrat.d for thi. t1Pl of .torace· 

3.34 iaHAtcll, Probley 

a.au S\orM' 
It 11 anUelpat6d that 200 , 000 to 500,000 blurT 

dic it e -u.' be .tor.4 ln tht. computer. !hi. total repr.eent. both the 

progr_, the .torll.gWl at tb.d Q\lAJ1tHh., fllnctlon table. and c.CMlfflel'lIt •• 

aDd the .torll«l ot partial renlt.. !hI two for_r cate«orte. can Ute 

••• 1wpermanent .torace ,I dhtinp1lhed f roa h1~apee4 el.ctro",Ue 

.torl4l:' • 

a.:iM2 fraud 

Pro" .. control t.eh!llqu •• for thl ooaputer mu.t 

bed •• eloped whlch .. 111 t&Ee Wor_HOIl tcoa a •• al-per.Mll •• t tora of 

cepre ... bUolI and ute U. for COlltrol of b1«h-lpeed .tor-.p ,lid COllll"1tin, 

pcoc ••••• 

3 • .,.,3 C0MN.\ex 

Coapu'ec oiceul'. for a441tlon, .ubtraction, 

aa.HlpUcaUoG, amt 4h1tlon .Ul b. requlrtd. a. ",11 ae pIIchap. a 

lpeclal unlt for lnterpoia\lon In ordac tbat 101u\10n u_ can \e co~ 

lund. Other tr1t~t1cu. and al, .bcal0 operat 1001 .., btl procr~d 

1a t.ca. of tbl .. 'bade .t.p •• 

3.a4.4 Chlgrine 

Chtok1D.c tn4 'coubl. ehooUn& prQOa4u.r1l _I' be 

•• tablhhtd and built 1IIto th. COlllpllter. 
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'belnc carrl.d OD. at. a 100 11;1100,.01. r-~t.hlon rat. an4 .\11111 .. will "' 

...s.. to Ilbtcll: t.be f.ae1bll1t,. c! rate. aboft on. IIIPC1Cle. 

3.2:K Il,clru\ at.l;, S'orM! 

St.orac- of par'lal . olut.lnn. wl11 bt a't.~t..d bl 

lIIan. of ,hotro.taUe " or..,.. 'ubt.. B,eau .. of tb. oo~u' lD4: .pM4 

rlqulrtd In probl ••• lu.ol.lnc r.al ,!.e, a .'orace let.hod ptr.lt.tin« 

~diat. in .. rt.lon and withdrawal ot , tor.d 4&'a i. d •• lr,ble. Storaae 

bl .uptr.onio d.lAY t,~l~u. . ~ bt utld in clrtain plac •• 11 ad~­

tIC" &XI 4 • .oo,tr",d for tht. ' 1PI of .torace· 

3 .3' Ba"are,b Probl • • 

a.au StorM' 

It i. ant.lo ipat.ed t.bat 200 ,000 to 500,000 b la.rl 

4te l t • -u.t bt .t.or.4 ln tbi. comput e r . !hi. t otal r.pr, •• nt. botb t ht 

prop-p, t h •• t or",.. of n:a:;.d quant1tla. , fWICtloD table . and cOtfflcl'Dt., 

and t.h •• tor~ of part,1al ,..Rlt.. '!h. ho f o,.." cate«orl •• can u .. 

... l_pet/llSn.ot .torfl«" a. d h t lD&\lhhed fro. hlsh-tpeed .lect1'o.h,10 

,'o1'~e. 

3.:iM.3 PrQUa.l 

1T0gr .. control t.. ehnl~e. f or t he ooaputer mu.t. 

be4 ••• 10ptd ... hich w111 t. W or_llon froll ...... l-ptrlllUl.nt for . of 

1'epre .. utttlon and u . e I t f or con trol of h1~-spetd .t.01'a«' an4 eoapgt la, 

proo • •••• 

3 .3403 CaMN.'ex 

Co..,u'er elronit.t t ot aMHloD, wb'rl!l4t1ollo, 

alHlpUoa U oo , ao4 4 hi.loa rill b. requir'd. • • well " ~ rbap. I 

,plelal unlt. tor lnt.erpolaUollo in ord.e1' tba' ,olutloD , 1111 ca.n be con­

... n,d. Osher ar1\~'lotU. lIA4 alrbralo opt1'at,loD' .., be proc.r.-d 

14 t.r • • or ,tM .. bade .t.p •. 

3 .~ Chlgklp.c 

Cbeok1nc and 'rouble . hoot1n& proc~gr •• au.' b • 

•• tablhhed and. bulB 1at.o 'b. conpu'.r. 

- 11 -

~iD« carried on a\ a 100 1t11oc~1e r-p8thlon TaU a.D.4 ,,,lI4i .. wlll be 

we \0 alwcll: tM feal1bll1\l of rah' abolfe one .caclcll. 

3.2:K J:ltc\ru\atl;. "oraq 

SSor~ of parSlal , 01uSlno, wll1 be a'te~S,d b1 

_~. of e18o\ro,\aUc 1\01'", tube,. Becau ... of t b. co~U1l& .pH4 

reClulre4 111 probhlll 1ulfoliJinc real \ 1M, a ,'orap _Shod penUU1u« 

laIIItl11a't 10 .. rUolI and. wlthdra_l of , tor.d 4&\a 11 d.dubie. Stor~ 

'Ill eupersonl0 d,lay 'ecUlq,u .. -.J be 110_4 1a certaln pac .. 11 ad.Tan­

taa:" a.re 4e.onl'Ta, .4 fOT thh \lP<' of ,\orace· 

3.34 iaH&rc:,b Prolile. 

3.au S\orag. 

1\ 1, anticlpated tha\ 200 .000 to 500,000 binar1 

d~lh ~.t " .tore4 in 'b.h cOlllpUteT. 'nih to".,1 repre .. nt. both t.he 

proup. t he .\OTa,ge of (bed qu&.IIthh • • (Il.IICtloo \.bl". IUlI1 c~ttlclent', 

u4 the ,\OTa«'I of pa1't1al r.Alt. . '!he two f or_r catec0:rle. Caft use 

•• ai_pen.n.D\ ,torap a. dh\1D&UlIhed fro. b1~spa.d .bc'rol hUc 

, t;Ol'et:e • 

3.af,2 frAUd 

~OST" cont.rol \. ehnl~'" (or t.h' OO~t"T ~,' 

"d .... loped which v1l1 \a.t.e Wor .. ,IOD fTOIl a ••• 1-peT~'nt for. ot 

T.pre .. ntaU,on and u,. it t OT con t rol of h191-.pMd ,tOTAtP an4 COIllPU\ll1, 

proc ••••• 

3.~3 CaMN.'" 
Co~'er clrcul'. for addlt.lon, eub'rao'loD, 

aLlt1p1tcaUOIl , an4 dh'1tlon v111 be reqU.1re4 e • ..,.U •• perb&.p8 .. 

epaolal unl\ for 1n'erpGlaUoD 1110 order tbat ,elutlon ,1. can be oon­

,und. Osher ar1\hMt.lc.u. and. elcebral0 operaHone .., be prol1'.-d 

14 \.T.' oC \ba .. ba,1c ,'epe. 

3 .~ Chlg lr"'&: 

Cbeolt1D.c and 'rouble 'hooUne Foo,dltte, .,1. be 

•• \abIhbed and bullt 10\0 'bi COIlpllI..r. 

- u-
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CONFIDENTIAL 

3.245 Becordlng 

Several forms of recording will be required on 

the computer output. Problems involving low f inal accuracy and 

particularly those representing solutions versus time can be recorded 

as oscillograms. Other types of problems may require card punching, 

automatic typewriters, highspeed photographic recording, and magnetic 

recording. 

3.346 Sl^nftl Conversion 

Projects such as the aircraft analyzer wi l l 

require methods for converting mechanical shaft rotation to binary 

dig i t s in order that the transition between coclcpit and computer may 

be accomplished. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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3.~5 "cardiAC 

Seftral foral of record-1nt: ..,111 " req,ulrtd. Oil 

t.h, oO llllut.er out.put. . Proble ... , 1n1'oh1D.1 1011' final .cowaoT and 

p~t. loularly t ho,. r ,pr,.,nt. i ng ,olut10DI vertUI \1 .. can b, recorded 

a. 0. c1110l'.... Ot.her t.ype. of problem, SAT require card puACh1nc. 

a\lt.omst. 1c 'yp4wrlt.er., hl~~ •• d phot.0sraphlc r.cordin" and ~.t.lc 

recor ~U .. Il« . 

3.~ ~ COAYlr . ion 

Project. IUCb I. t.he alrora!t 1lt\A11Ur will 

"quire _t.hod, tor cOIl'ur1.1n& _ chllll.lca! ~t. rot..HolI t.o 'b1.n&r, 

41,lt, 1tI ord.r t hat. t.he tranl1t1oD bet_Ill oockpit and co~\er IIlI¥ 

be aoco~ll.b.d. 

• 

_lO-

3. 345 B4'Ar4iOZ 

Sunal toral of record. l 1\8 ,,111 be required. on 

t.he cO llllut.er out.put.. Probhll.l lu1'olrtnl 10" t i n&! aocUl'acl aDd. 

pArtioularly tho •• rlpre',ntlng . olut.ioD! verlut t. lee CaD b, rlcorded. 

al o .cl11o~&m" Ot.he r t.rpel of proble .... SAt rlquirl oard puach1ns. 

aut.Om8t. lc '1P4vr1t.erl, hl~.p •• d phot.o~apbl0 rloord!nc. ~ ~t.lc 

rlcord.1n& . 

3.~ 11II&l COAyer.ion 

ProJeot. • .ueb •• t.be alrorat t. anal,s" wll1 

require _t.hod, for connr1.inc _ chan1ca! Bhatt. rotaHOQ t.o bln&J'7 

41,1t., 1n or dlr t.hat. t.he tra. l i tloD between oockpit. and. coopu'tr .. , 

be aoco~llahed. 

• 

• 

_12-

3.~5 Bfcqr41Q& 

Seftra.! tor~. of ncord.l~ ,,111 " required. oc 

tb, ;Ollll\l \ ,r output , Probl ..... lu1'oh1.nl 10v final I4curacl II4d 

pArt ioularly t ho •• ropr."ntlng 101ut10DI vertue t t., can b, rloordl4 

al o.c1l1olTul. Ot her \rp" of probl, •• rIIfI:1 raqulr. card puach1111. 

auto-.\1; \~vrlt.r., hl~~ •• d photosraphl0 rlcord!na, ~ ~\lc 

rlcord1..nt . 

3.~ l1IIal CgAy.r.lon 

lToJloh n.ch I. \M a.1.ror..t\ anal,s.r ,,1 U 

uqulre _thode tor oon" l r\1n, _ chan1ca! ~td't rot",1.1ol1 \0 bbArT 

dl,l t, 1c or 41r t hat \ha 'rantilloc bel .. tO cocEpit an4 coaputt r '" 

be I4co~llah.d. 
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CONTIDMITIAI 

PABT B - TECHNICAL 

4 . AEBODYHAMIC STATIONS 

4.1 Beport B-§4 

The aerodynamic equations as now visualized for representing 

the control and s tab i l i ty characteristics of an aeroplane in f l ight 

are given in DIC 6345 Seport 64 which, along with equation schematics, 

i s included in Appendix A. This report i s the outgrowth of work by 

staff members of the Wright Brothers Wind Tunnel at M.I.T. 

4 .2 System flf Axes 

The general problem of solving for the motion in space involves 

the solution either of the equations describing the resultant motion or 

the equations describing components of the resultant motion along and 

about some system of axes. The approach to the problem has been to 

set up equations describing the motion along and about a 3 co-ordinate 

axes system called body axes with the origin at the airplane's center 

of gravity. The body axes very nearly coincide with the principal 

axes, thus the product of inertia terms are considered negl igible . 

Motion of the airplane In space i s related to the earth axes through a 

set of Euler angles. Thus nine simultaneous integral equations are 

required to determine the motion of the airplane in space and to relate 

i t to the earth axes. The relative wind direction, found trlgonometrl-

cal ly , determines the wind axes. See Appendix A. 

4 .3 Ififidlag aad Take-Off Equations 

The general emperical functions which describe reactions on 

the airplane exclude ground reactions and complicated reactions in 

stal led f l i gh t . As a result , special terms for the take-off, landing, 

and s ta l l representations are Included in the equations. Since i t i s 

desirable to maintain a continuous solution through transition from 

one f l ight condition to another and to minimize the complexity of 

representation, several simplifying assumptions and several l imitations 

on the equations have been made. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

, 

fAit I. - 1'ECH51~ 

<t. A.ElI:lDDbJUO ~'IJ.l1'IOIiS 

4 . 1 klI..2tl I-ti. 
The .. r~c IQ.uaUonl al now ,,1euall1.d for rlprl .. ntin, 

thl control a.tId I t "blltt7 charactlrhUel of aD aeroplane in. tl1.cbt 

are ghln in DIe 6345 .s.port 64 1IIh 1ch. alOOC with lquation ecbll_U e l . 

11 1nclud.d 1D "pp'ndb."'. fb h f'lJlort h tlw out«rowth of work b7 

Itatf • • iben of thl Wr1ght Brotherl Villd !ltum.l at M.l.!' . 

" • 2 hI1u.ll! Au..l 
'lbl pn.ral proble. of lol"~ f or tbe .ot1oD 1n lpacl b"ol"'el 

thl 101uttOD .tthl r of tbe lq,uaUon. d'.arlbi.nc the r'lultant -oUcn!. or 

thl lq,uaUOA. d • .arlbln& co~onent. of ~he r.wltant -.cUon aloll& aDd. 

about 10111 '71". of ..... . 'l'he approach ~o the proble. hal blln \0 

.et up lquatloA. Alaorlblnc t hl ~tlon a lone aA4 l bout • 3 eo-ord1Datl 

aXl . 1711.1. calllA bo4¥ &11' wlth the or1eLD at thl alrplanl', elAt .r 

of CZ'anty. !'n. bo47 au. "er7 Aearq col11.C1AI witb tbe pr1..nclpal 

axl,. thul the pr04uc t or luert1a tlr •• arl oondAlreA IItlCl1&:lbll. 

MoUon of the alrpl6M lu apace h rllated t o the .arth aXI' throuch a 

.. t or Euler ancl... Thul A1JII d.u.taneoul 1II'Icrai .qu.at10nl arl 

req,u1red to d.etlrll1ntl t bl .otlon of thl a1rpl&ll.1 11!. IPf'C1 and to rela'i 

11. t o the larth aUI . fbi relathe wW AireoUoD, roUllli t"leooo_tri-

• ca l ly. dl"'u.1net Ull ",104 axel. Sel " pp'Dtlh ... 

4 . 3 t.nd1!l,£ AA4. taa-Q.tt lo.uaUQpt 

fb. C-0eral I.perleal fWlOUonl vh10h duer1M rlacUou on 

th' a1rpl&ll.l Izclatl ,roUDd rlaction. &Ad coapllcatlA r'aotionl 10 

It&llt4 r11&la. A, a r .. \l1\ , ~clal hr.' for the take-ott, lan41Dc. 
&ll.d Itall repr", ntaUonl arl lnolUde4 1D tb41 ,quationl' 5111.CI it t, 

d"lr,bl, to .. lnt"in a ooctlouou, tolutlon tbl'oucb traDll,loo tro. 

onl tllght oondltlon '0 another aDd ' 0 .lnl.1'1 ,be co~1Ix1', ot 

rlprc .. ntaUon. ""Iral 1t..pI1.tyll1.g .,eu.pUonl pd .. ,..ral 11&1'a,10n. 

011 'hi .q,uaUon, han b ... &ad,. 
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4 . JJlI)DDlAKJO llCIJA1'lOIiS 

4.1 ~I-Ai 

1M M rodoTuaio equ&tioD' •• DOW ,,1walh.d tor repr."nUna: 

the cOlltrol aM .tab111t7 charactuhUc . ot aD .. roplant 111 tlipt 

an t;h'lI 10 DIe 6346 Report 64 1IIhlcb. aloo« wUb 'If\U.UOII IOb .... t10 •• 

11 laclubd. 111 AW-n4u..1. 'l'bh f"Iport 11 u~ olltt;rowth ot vorll: '01' 

daft . aMu of tb. Vrlpt lIrolo~r. '11M fmlnI;l .t M.1.'. 

4 . 2 In1U at A&u 
!b. Cln.r.l proble. ot .01"iDI tor t~ -otlo11 111 lpac. 1."01" •• 

Iohl IOwtlon 11thl r of t~ 'quation, ulOrlblnc 'hi r.tultant -aU,OO or 

Uw .quallolU d.acrlbln,r co-.poDentl of \U f"I nhant -oUOD aloDl aDd. 

.bout .oa. '1'1". ot aJ;:'I . '!'he apprQ&C'O to lobe proble. hal 'bHa to 

.. t up equ.atloa . d.'lOr1b1111 t he aoUon a loD« aM about' 3 oo-ord..1Aat. 

AX.I 17,t •• calhd. bo4¥ aul wllob tbe orlclD alo u.. alrplan.· I Clalo.r 

ot P',rlt7' fM bod.7 aul Yel"1' near17 co1.oc14ti witb thl pru.clpal 

~ ••• Iobu. tbl prD4u.c t ot 1uert1a t.ra. arl ooal1bnd. Dr!,1 1C1'bh. 

Motlol1 ol the a1rplaM La lpace 11 f"Ila.tri t o 'hi .arth • . UI throuch a 

N' ol lW.er .,,«1'1. !bUI Illnl IballtaMou, iDhp'al IqIlatlOIU are 

r . qu1red. to d.tlr.be t ha act10n 01 ' h. al.rplal1 ' in l paca aM t o ral." 

1\ t o the a.rth .UII . !'ba rll.U" wind d.lrectloo. loUlld tr1coao .. trl­

call¥ . btuaioal the ..,111d aus. h s .1ppacdh."'. 

4.3 lydl¥ 6114. taa-9.a. JguaUQpa 

'fba .. ural .apar1cal t1l.DOUODS ~ob daacrl" na.ctl olll 0" 

t ha .lrp1&aa IKClcda cround raactloas aod. coapllcat.d. rsaotlolll la 

.t, lled tll&h" i.. a r .. ull. IP'clal t ., •• l or tM tat.-olt . laDd.1D.c. 
and stall raprlluLatloal ara 1Aclud..t. La 'be acru-UoDI . Sloea it 11 

d.allrable to __ 10t"1n a OODt1aUOUI .olntlon ' hro\1odt tr_l1tlo11 lro. 

Ont lUp' ooadhlO1o to another an4 to .blah a t_ o.O!lpla:dt7 ol 

raprellntaU OD, ""ral ls.pl1tT1Dg ."1UIPUo.III aDd .... ral 11aU.Uonl 

0." tha aquatlolll ban baaa aad •• 
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fAit 1 - fiCHIIIW 

-t . .fJ3mtJiJJUO llqJJ3l0llS 

'" . 1 iQ:u1 l-Ai 
1M Nro4TluuUc 1q,u&t1on' al :10.., 91walh.lc1 for raprl .. nUns 

t hl oOlltrol u4 Itab UUI oharact.rllUol of aD urop1aM 111. fUpt 

ar. Sh.D. i D. DIe 6345 leport 64 1IIblob, alClt!« with .quat10:l INI.b ... t10. , 

11 loclu4lc1 1a .pp'n4U.. '!his Nlpor t 11 tbe ootsro..,tb of W'Ork til' 

daff ... ben or tb. 'trich' lIrotarl 't1Jl4 fDnnel at M. 1.! . 

of..2 In1U at AIu 
fba "nlrlll proble. of 101.1l2« for U • .,tlo11 1.a 'pac' 1D90h,. 

the IOluUou ,U.bl r of tbe lquaUOOI d.eeorfblac tbe n.w.taAt .oU OD or 

the .quaUOIU c1,ecrlblnc OO-.pODIUtl of tbe NI.w.tant .,UOD 1ll01II aDd. 

about loae "1'" of ~al . '!'he appro&eh to tbl probla. hal *:1 to 

Nt. up .quaUoa l c1 .. or1bln.&; t hl; _Uon a lolll' aAc1 about a 3 oo-ord..bat, 

.zl. 11.t •• c.lllc1 boAT &1e' with tbe orlc!n at the airplan,l. olnt,r 

of eran'l . !be bo4:r ..... 1..,. near17 oahlotd.e vUb thl! pru.c1pal 

U:". thus tbl pr04ue t of 1uert.1a tlra, arl oonl141re4 1II'I,11&1ble. 

Motloa of thl .lrp~ la epac:1 11 Nllat.o \0 U~ larth UII t hToucb • 

.. t of Ibl,r ancl.. . ThUt alat tl.u.t&GIou. !nt'cral 'qQ&tloOt arl 

rsquln4 to c1ltlraLQI t hl act l oD of t hl a1rplpl 1.a I JlfIC' and t o ra1&t l 

it to the larth aUII . '!'be rllat.h. vin4 4 1.rso tloll. foUllc1 \r1&OIIO"'rl-

0&111 . 41tll"&1o" the wind axel. St. App'a41s • • 

... . 3 l&n41oc W. taa-2.tt JguaUQP' 

fba ~Olral uq»rical f1l.DOUoa . 'llhicb 4 .. crlb1 r,acUOII I co 

t ba alrpllM lulwll crouad rlacUoa, atw! collpUc:atl4 rel4t101l, 1a 

,taU.o fUpt ... a rlll.lJ.t . 'PIcla! tlr" for \b.t t ab-off, 4114lAc. 

u4 .tal l r'prt"aL£t1olU ..,., *lwl_ 111 'hi IqII6t10D.. Slaa, h 11 

c1' .irab!. to _lot'lA a oont1.D_, 1010Holl t broucb t raDa1tlo11 fro. 

onl fIlch' 00041 t1011 '0 a nother aDd to .lD1.1 '1 ,bi oonp11x t tr of 

Nlpr"ONntaUoa. " .. ral 11IIp11t7U!g ,U1UlPUOA. &Del. .. nr.1 Han.UOlll 

00 tb, e,uatlo", ban bet_ -.41 . 
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CONTIDSHTIAL 

4.31 Tflitft-QIi AB& Landing Representation 

The take-off and landing i s considered in two sections: 

l ) aerodynamic reactions, and 2) ground reactions. 

4.311 Aerodynamic Be action* 

The fact that Tc1 goes to inf in i ty at sero speed 

requires that those aerodynamic reactions which are a function of Tc 

must be modified during the ground run. The description of the general 

aerodynamic data i s limited to a reasonable value of Tc and additional 

functions are added which describe the aerodynamic e f fec t s above the 

specified maximum Tc . 

4.312 Ground Reactions 

The following assumptions are made for the 

ground run; 

a) Ho cross wind; angle of yaw remains 

sero, but heading can change. Relative 

wind remains along intersection of 

planes XOZ and AOB. 

b) Ho rolling moment occurs. Wings re­

main level during ground run. 

c) Ho sideforce occurs. 

d) Ho sideslip between wheels and ground. 

e) Ho weight is carried by either nose or 

tail wheel. Weight is distributed 

equally on the two main wheels. 

With the above assumptions, the ground reaction 

term*, Including braking effects, can be computed and added to the 

equations. These terms either go to sero or cut out of the solution 

when the altitude is greater than tero. In the same manner, for 

instance, the rolling moment which remains tero during the ground run, 

requires that the equation for L/I be cut out of the continuous solution 

until such a time as the altitude is greater than sero. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

... 1" .. 

".31 ha-Q.U. &ad. r..n41pg Btpr.Hltb,U OP 

'fbI tab-ott and 1&Adi.D.& 11 could..rM. 1Il. two .. ctiou : 

1) aerod)'n&a1c l'1Jactlou, aad 2) cro~ r .. ction. 

".311 Atr04yn .. lc BtaQ,,10RI 

'!he h.c' 'bat Te ' ';0" h lut1nU.,. a' .. r o . pMd. 

re~u1r .. 'hat tbo ..... r~.ic r.act10n. 1Ib1eb ..... a fUJIC,l on of te' 

_.t be 1IOd.11'1.d du:r111& 'hi crOlllld. TUll. !b. d .. c t1pUon of ,be «t'o..ral 

a,rCK\tDll.8ic 4at .. 11 11a1\.d to .. rea.onable 'I' .. l~ 01 Tc' alIod .. MUlo_1 

f1lDCUou are added. whicb d •• c ribe thl ... rod.,.n.aa1.c .fhe" abo,,' 'hi , 
.pecified. -..x1.w. Te . 

4.312 ~ Btact1RA. 

!hI tollowlQc •• ~'10n' ar_ -.da t or th, 

.) 10 oro. , wind; aD«1' of ,.aw r .... 1n. 

IIro, bu.\ b,adiD& can 04nl;to. Bele.Hn 

w1a4 r ... in, .. 10Ag io.' , r"ction ot 

pUn_' 107. .n,d AOJ. 

'b) 10 rolllill ~_Jl' OCO'O.l'" W1!I4!:;' re-

... iIl le"l durl", croUDd. 1"Wl . 

e) .0 ,ldeforce oocur. · 

d) '0 sid .. Up bet_,ll. wb .. h and. cr0u0,4. 

a ) '0 we1gbt i, carriad bT ,ltbar no.a or 

tail wheal . Valch' i. d1'tribu'ad 

aqual17 0110 'be "'0 _ill wheel •• 

'f1\b 'be abo"" .. ISWlpUOIU, tba p-ound rae.cUon 

tara" inolu41nc brakln« afract ., CAD ba computad &Ad e44ad t o the 

',lWI>t1oa, . '!be .. \er .. ,1\h.r CO \0 uro or Cll' 0\1\ of ,be ' oluHon 

wMD tbe alt1\ud.a 11 CX'la',r ,b.tuI. llro. In tbe ..... IIItomIotr, for 

10."81101, the rolUD4: __ nt whicb raQ!l1o, nro durin« tbl crouod rwIo, 

ra,nir" tha' tba a,uaUon tor 1./ 1:t1. 'M en' out ot tbe conUIIoIIlO'UI 101uHoD 

uUl IIlCh .. t'" II tbe al"t1ll1a 18 eraatar than 181'0. 

... 14-

oon lDU'1' UL 

4.31 hka..Q.U. u4 I.e""i", Bcprll.nb,U0p 

'fb. \alr.!-otl a.nd. 1&Ad~ 11 coutur" 111. two .. ot1ou : 

1) ,erodJn&aio "!CHou, N'ld 2) ~v.D4 .... ac\iOll'. 

4.311 I4rQ4.mMie; ltaGUOD.I 

'!he tac t tha\ Te; ' ';0" '0 la.tlnlt.1 ., .. r o , pHd 

rell,u1r" 'bat. tbo .... ro4Jn.a.lc r.aetloru Wl. lcb are .. f 1lMt.lon oC tc' 

_., be -ad.1l1ed. du:rlJll> 'be crOlllld run. ~ d .. c rlpUen oC 'be «t'-ceral 

,erodtMaic da'a 11 11.1"el to .. re .. louabll .,lu. 01 Tc' del .MIUoII&l 

C'QlICUCD.' are a4ded. whicb d'loriM t.~ aerod.:fD&II1c .ce.ch abon tbe 

• • peciCl" ..nEIl Tc . 

4.312 ~ Btac,lOA. 

!h. Col1ow1.nc .... u.-pUon. are -.4. Cer th • 

• ) 10 oro .. wind; aD«1I oC 1av reaain l 

uro , but. h.a.c1ing etA o~. l.ela\ln 

v1.ad. r'M10.l , loJl« lah,,. .. etion oC 

plan .. 107. and AOB. 

'II ) 10 rolli8& 1IO_1lt. oe;(I'I1I'l. WUI&l re-

_ill leftl durilll ~und l"Wl. 

c) 11'0 ,it.-force OO~I . 

d) '0 Ild .. Up "t .... 111 vb .. h and cr0u0.4 • 

• ) 10 weicht 11 carri. d liT litb.,. nO I' or 

tall ¥he.l. V.left' 11 Illitribut.el 

. quall.T on tbe 'wo _In vh .. ll . 

Wi t.h t.he aboy. 'I.uaptlonl, the .round r.actlon 

" 1" 1 , lcola41AC brakluc .Cf.c", CAD b .. compu\ .d &Ad e44.d t o ,~ 

.I{WlUoa.. !be .. tlr ... 1th.r CO 1.0 "1'0 or ~I. out oC ,he . oluUou 

¥Mil t.be al,Uu4. it cr"'.r ,baD uro. lD. 'be .... -.aDoIr, for 

1D.tPCI , ,be 1'0111114: ._lI' whioh 1'''111'10' uro durin« 'h. crou04 f'WIo, 

1'.,'1111'" 'hat 'h. ',uat.iou Cor L/l~ be cut. out. oC the coct.laaaul tolutioc 

=t11 nch , t.l_ .. t.tMI ,.hU1IIie it ere't..,. t.baa nro. 

.. 1" .. 

OOnllllll'UAL 

".31 hia..Q.U. AIII1 wM1nc flI.ar.Blth,UOP 

'fbI 'aD-otf a.o.d. la.a4~ 11 OOll.dured. 1lt. 'we .. oUou : 

1) aerod)'naa10. TIIac: , loD.l , ...,,4 2) crow ,.....:t.100.1. 

".311 I4r04.m .. le ltaGUOD.I 

'!be tac t. t.b&. t. 're ' 10-1 \ 0 lD.!1n1t.1 at IIro epN4 

rlCI,u1r11 Uat. t.bo .... rodTnaa1c r.a.c\loal 1Ih1ch e.r. a tunc'loa of t o' 

_It. be ~1l1.d. 4ur1nt; t.be "ouM. t'UJl,. thl d..eer'ipUoa of t.be «-ceral 

aero4.tMaie dat.8 11 11.1\1d. t.o a nalO!a.bll .al\W of 're' d4. d .d. lt.10 .. 1 

f'llDCtioD.1 art ad.d" vlrlcb d. ecr1bt t.be ur04.;,uaa1c ler.ch abo .... tbe 

• lpeoUl" MUlma To • 

4.312 ~ "'&CHOA. 
!h. lol1ov Ule .. .uJlPUOnt are Mdl f or \hI 

a) '0 oro., vlnd; ~11 of 1av r . .. 101 

I.ro, bu' b.a.d.lng CIA oh&Pl;to. Bll&H .... 

v1.a4. re_1..II. alOQi; 1at.e,. .. ct.loo of 

p t.n.. I01 and AOI. 

'II ) 10 roll1%l1 1IIO_1It. OCoo.rl. W1.o&' n -

aia 1 ..... 1 4v1n,; c:roW14 ruIl· 

0) )1'0 t14'lor~ occ:o.r • • 

4.) 10 I1d .. Up btt._ 1Il wbllt. and p-otUld . 

• ) '0 .. 1~' 1, curl.4 '111 11'~r COl . or 

' &11 wbt.l. W.lCh' 11 dtlt.rlbut..4. 

. q,ul17 00 'be t. wo _10 wb .. l, . 

'lflt.b t.he . '110 .. a'lIWIpUonl , t.b. c:roulld r .. cUon 

'Irae , 1001u4101 brak~ .If.ot., CIA be compu, . d .ad e44ld ' 0 t.bl 

If{lWIoUoa. . 'ft. .. \lr ... 1th.r CO ' 0 IIro or Cll' 0\)' of t.he 101"Uo • 

..m.1I tbe &1t.1\'II4. 11 cr.at.l r tb.a.n IIro. 1. , be .... -.aDlr, for 

iIIltallC" ,he rollla.t __ lit. wh1cb rellfl.hl IIro 4ur1nc t.b. p-0UIl4 ~, 

",q,llUIi t.ba' 'hI 'q,-.,100 for 1./1 . 'b. Cll' Ollt. of Hli. COIIUIIIlWI 1010,\1011 

lUlUl ncb • t.1 .. al ,be .1\1\.s.. 11 ct"a' lr ,baa IIro. 
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mil n i l I tn 

4.4 infil l Condition* 

The representation of the stall in the analyser will not he 

complete since the motion in the stall is not to be studied. Therefore, 

the effect desired is to provide a stall warning, such as control 

buffeting, to let the pilot be aware that the airplane is stalling, 

provide a means of control during the stalled period, and have the 

airplane emerge from tha stall at some angle of attack and lift co­

efficient below the stall. 

4.5 Control Tore** 

To make the i l lus ion of f ly ing as nearly complete as possible, 

i t i s necessary that control column and wheel, and rudder pedal forces 

have the proper f e e l . In addition, for a particular airplane, the 

forces and variation of forces should be reasonably correct for a l l 

f l ight conditions. Equations are set up to solve e l e c t r i c a l l y for 

the hinge moments at the control surface hinges. If the e lec tr ic 

Impulses corresponding to the hinge moments are transformed to a force, 

th i s force could act through a system of mechanical linkages similar 

to the actual control linkages to give the proper control f e e l . In 

th i s manner, the e f fects of f r i c t ion , cable stretch, and inertia ef fects 

of the aotual airplane control system can be Included. To date, no 

provision i s made to compute the dynamic characteristics of the control 

surfaces. 

4.0 Engine Simulation 

The analyser wi l l be set up to simulate a four-engine airplane. 

It i s necessary to simulate reciprocating engines, gas turbines, Jet 

units and combinations thereof. It i s hoped to find a general repre­

sentation to compute thrust for any type of engine. Since the analyzer 

i s basically to study airplane s tab i l i t y and control, and not airplane 

performance, i t i s not required to simulate the engines ezaotly; 1 .* . , 

to obtain th* thrust which gives the desired cruising speed, i t i s not 

necessary to have the manifold pressure and BPM exactly correct. 
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OOlJ'lDIJ!'UL 

••• 11AlJ, CoAAUiQ.D,1 

'lbo ropnHn'-Uou of 'ho ot.all 111. 'hi aul~or w111 DO' be 

CCtlpl.tl 11nc1 'hi _ , 1011. 1.11 t he I'all 11 IIOt. '0 bo l 'wllod. !'Janfo" , 

t.ho offlo t. d .. lrld 10 t.o prnUI a ot.all warni ll( . lucb .. o oont.rol 

butflt.ine. t.o ht. t.ha pUot. bo .. vaTO ,hat. ,he e.1rple.u 10 l'-lU1\C , 

proyldl .... ..nl ot cont. rol dllrlD« tb. It.alll4 perl od, and hayO t.be 

alr:ple.M ... r«- froa t.ha nall at. 10_ an,cle of aU...alt and 11ft. 00-

effic hnt belo. t. be I t.all . 

•• 5 Cgntrol ~ 

fo Mite the 1111111011. of flT1.nc .. I nlulT COllpbh " I pe .. 1blo. 

tt. h Dloo"arT t.ba' cont rol oolu.aD ..nd whool . and. ruddor peul forcee 

haYi tho pr oper foe l. In e.4diUon. for .. pe.rUcular alrple.JUI. the 

fore •• end. yar l .. t.10n of f orco , abould be re .. e.oD.ablT corroc t for all 

fUgllt conditione. lq.uat.1Qn. aro eet. v.p ' 0 eolYi o t.o t. r ioailT tor 

' ho h1ac- __ ut.o at. ' he control IUTfaco hl.. . It t.b. oloetrio 

iJIIpul . 1I corro'pondlr\& t.o the bineo lIO.ente ar. 'ranofor_4 to a for ce , 

'h1o forco could e.Gt. t.brou,ch a ' Tit •• Qt _ohaalcal l1DkAC" 'iallu 

t o t.he ae tu.al cont.rol l1.zlltacl. '0 c he t.ho proper cout.rol {eel. hi 

t.bl ' _or. t.ho If teo'. of f rict.ion. ca ble I'r.t.cb . aad. l~rt.1a ottlch 

of t.hI ao'ual atrpl.aM cont.rol 'TI". can be lllOlv.414. fo ut. •• DO 

pro,.hloa 10 -.40 1.0 ooapu" tbe 4TrLe.a10 obaract.or1lt.lcl of t.h. con'rol 

nr!ac: •• . 

4..& IwJ.n.t IUJNJ..aUQn 

fbo ualT .. r w111 '00 Nt. up t.o el.uato a fOUT-'ncl~ airp1e.JUl . 

It. 11 IIIc •• earT to l1.uate rec1proeaUIlf: 'nc1n1., , ... t.urblDe" J.t 

1lIIUO aDd e •• blnat.loll' "hereof . It. is boped 1.0 f1n4 a ".aaral repro­

Ml1taUon '0 cOapU'1 ' bruit. for U¥ t1Pl of '1IC1111 . S1.Dc. t.ho ua~or 

11 be.e1callT ' 0 ,'ud.l' e.1rplau ItabUtt, and eOQ ' TQl. and 110' airplane 

plrforanel . U 10 nat. fl ilulred t o dallat. 'ilt '-Clnl' O:q.cUT ; 1 •••. 

t o obba t.be 'brUit which ,h .. 'h. dlelrod onu ,1nc opeod , it. 11 110' 

noeoll&TT t.o baTt t.ho M111l014 pre .. v. and !PM .uctll' con'eo' . 
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•• 4 .Il&U Con41UOAI 

'lbo ropnNu'-Uoo ot \ho o1.all 1D 'lui ...... l )'t.r w111 uo\ be 

oo.-pl .t • • inc. t.ho _,1011 1"0 \~ .t.all h uot \. b •• tudied. !benton, 

\ '00 ott oot 4 .. 1rod it to pro"ldo a .\all warllinc • • ueh a. oOlltrol 

butt.\1nc . \0 lot. the pilot '00 awa.r. t hat. 1.M a lrpb.u. 10 .t.alUt\f: , 

proyld. a "aD' ot cont rol darlA« \'00 .,all.d perlod, and hal" \he 

a1rp~ ... r" trc. t. ha nlll (1.\ . 0 .. atllu ot aUa.olt and IU\ 00-

. tUc l n L boloy th • • tall. 

4. 5 CAntrol ~ 

to Mke t.h. l11ulol1 ot n.1'1nc: I. lI' arl,. oo.-plot.o a . pe .. 1'01o, 

It. 10 naoeuar1 that. conuol ooluan and wh .. l, an4 ruddor pedal torel ' 

hay. 1,hIo proper ta.l. b addh10ll, tor a J».TUeular &1rplau, t.h. 

t oree. and "ar i . tlon ot torce. should bo reo.oDablT corr .c\ tor oIl 

tl i gl1t. oondit.lonl. J:q.uat.1001 aro .. t. QP '0 loIn . ho t r l oa11,. t c r 

\ '0. hlQCI _ _ 11\0 at. tho oootrol lutael hi"".. . It t.h •• 1ooLrio 

1ap1al ou corr' lpOndlQl \0 ,he '01%1&' .,lMnt. are Lranltor_d Lo .. toro', 

'hit tuo. could acL \ hrov.ch .. 1,.1". ot _Clhaa1oal 11~1 'la1lu 

t o tho acLual coot rol 11~. t o &: h 'l th. propar coot.rol te.l . I II 

Lhl1 _.r , t.h •• tt.oh ot tricLlou, c&bl • • ,,,Lcb , aa4 l~r'1a ottloh 

. t tho act\l.al a1rpa- oon'ro1 'T'to. can be bolu.4. '1'0 dat., no 

pro .. ldoJl it -.d. Lo oo-va." t.bI 47naa1o oha1'llct.riltlo1 ot 'ho ooo\rol 

~tac.' , 

~., ~ 11wpla\1pu 

fb ....... 1,. •• r w111 be N t. up 1.0 d ..uat. a tour-'ncl~ olrplaM. 

It 11 .. C •• .."T to Il-u.te reciprocatll1& 'neIM. , ca l turbl.D", J" 
uolt.l an4 c •• blnat lon. tbenot. It 1. 'Oope4 to tln4 a I'oaral rapro­

N n'aUoo ' 0 oOiiput. a t b.ntat tor aA1 t7l" ot 'o.cln. . 51..Do. t.'Oa ~.r 

11 be.dcallT \ 0 n udT drplarra .t.'OllU,. and carr t rcl, and lIot a1rplanl 

pertoranc •• U, I , not re q.u1r.4 t o .lallat. t ho 'lI.Ihi," • .u.ot.lTi 1.1., 

t o o'Otolo t.ha tbruat whIch ,1"a, th. ,-,Ired 0~'1nc ~.d, It I , Dot 

O.C.IUJ''' t o ban tM 118J111014 P"uur. and. JlPM .ucU¥ cornoL . 
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4.. J1all Cop41'1Qal 

'hi. r.p,.. .. D'-UO Ilo of \h • • \all h 'b. e..aal,-or will DOl be 

oo~l." ,lAc. \hl -.oUoo 1.110 ~~ "all 10 1100' \0 bl 1\w!.104. 'fh-nfon . 

\hl Ittlol d .. l rld it 1.0 pro"ldl a .\all varolnc •• ueh a. oOIl\rol 

butf.'ill( . \ 0 ht \be p1101 'Do ava.r. \hal T.he airplane 10 a'alUlll . 

pro'l'14. a .aao ot OOIlo \ r ol d'Dr1ll& 'h. " al1l4 pu1 04 , and ha"l lbe 

alrplaDa o.r" tro. I.lIa I 'all III 00_ anch ot aUa.olt and IU\ 00-

dUoln\ below t he .tall. 

•• 5 CpD\rol ~ 

'fo Mb ' he lllulloo ot tl7Ut.c a. alar17 o o.-pl." , . po .. 1bl •• 

lt 10 OIu"ar7 'bat c ontrol co11lal:l and wtwl l , aad. ru4d.lr pedal t orco . 

ha"o the pr opor too l . 1110 addltloa. tor a ~\lcular alrp~, tho 

forco. anA 'I'arlatlon of t or co. ahoul4 'III re •• oDabl, oorrle \ fo r ,II 

fl1 f:l1. ' oond 1\ 1ollo.. l q,ua U oo. aro .ot "Ilp ' 0 '011'1 . 100' r10a11, t or 

t ho hlOC- __ 0'0 a' tl:1. oOllot l'Ol .urfael h1.. . It thl 01oc 'rio 

bpuloe . corro.pOocU", '0 ,be h1a.&o _.aot. ar. 'ran. tor.d to a torOI, 

tbit toroo could 1.0\ \ br01lolh a . T"O. of _obaaloa.1 l1Dkap •• lulu 

to tu actual c ont rol l1okact. to &:11'1 tho propar control !I.l. Itl 

'bl. _.r, 'b. , tllo' . ot frl o'ion, Oablo d ro'oh . aA4 l~rUa oU.oh 

ot ,1:1. 10 ' \\1.1 a 1l'plaM ooa' r ol ',Ih. OlD be bol.ld. fo dat o, no 

pro" ldoD it -.40 to oo~'o I.. 47na.:a10 obarao'orit'10 1 of t he oOlltrol 

n.rtaco •. 

4o .e. Iw1nl !UwpJ.a\1QD 

fbi e..aal, .. r will '00 Nt up t o d.u.to a tour- one1Da a1rpu..a.. 

It 11 .. u • ..,., to Il-.J.a'o roc1procatl .Df: onel .. o . ca . ' urblD1" Jot 

11,11.1\ 0 aDd. 00&l:11na.t10 ... \horoot . II. 10 boped. \0 t W a p .. oral rop,.. ­

MlIotatlOIlo to QO~U 'brul ' tor aD:I \)'pI ot 0bC1_. S1aco tb. ~or 

10 ~dcal17 to I\ud., a1rpuill ItabUH, and cOMrol, &Ad oot .1..rp4JII 

perloran(:o , 1\ 10 a ot roqulrod t o dallato 'ha oo.a1D.oo o:u.ol lJi 1 ••• , 

\ 0 ob\a1o. tbo \brUI' wbich ,1"11 tho ".lrld o~'lnc ~od, 1\ 11 DO\ 

noco .. azl ' 0 ha1'l \be -..a1to14 P"lsurO anA iPM oDC\l¥ corr"o" 
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4.7 Summary al Computations 

The following is a summary of the number of mathematical 

operations indicated by the aircraft equations of Appendix A. 

A 

105 

103 

179 

8 

9 

10 

9 

4 

2 

1 

B 

11 

6 

7 

3 

0 

0 

0 

0 

0 

0 

2. 
149 

127 

207 

20 

9 

10 

9 

4 

2 

1 

Multiplication of two variables 

Multiplication of a variable by 
a constant 

Additions and Subtractions 

Divisions 

Reciprocals 

Integrations 

Trigonometric functions 

Inverse Trigonometric functions 

Square Roots 

Non-Integral Exponentials 

Column A includes the operations indicated by equations 1 

through 56 and 80 through 90, which are the equations of motion, 

hinge moment equations, aerodynamic coefficient equations, instru­

ment equations, and miscellaneous. Column B includes the operations 

indicated by equations 57 through 80, which are the engine equations. 

Column C i s a total of a l l operations for a four engine airplane. 

The following assumptions have been made in compiling this 

tabulation: 

(a) Where two or more divisions by a function 

or quantity are required, the reciprocal 

can be found and then multiplied to re ­

duce divis ions. 

(b) Reciprocal quantities which remained con­

stant during the Analyzer operation or 
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4.1 Sneerl.if. Cg8U\ .. UDD.. 

The hllowiUf; h .. . u.:rer,. of th. DlUlber of meth •• Ucal 

operatioD, indioat.d by th. aircraf t .quatlon. ot Appendix A. 

~ l J< 
Mn.ltlpl io.t ioo ot two .arlabl •• 10' 11 H' 
"'-1' 1plica' 100 of a .ariabll '7 103 • 137 

a OOD..tall t 

.64d1t1on. and Sub'rao\lon. 179 , 
"" Dh1elol1l • 3 20 

s..oiprooal. , 0 , 
In\luat 101:1.. 10 0 10 

Tr 1cc.1l0.trio functlone • 0 • 
InYlrM !r1,cono_trio flUlCU oJl. . , 0 , 
Squan ioo\l 2 0 2 

Jlon- l otegall:qlOoent1al. 1 0 1 

Column A include. the operation' 1ft41ca,.d b7 equation. 1 

tuov.ch 56 and. SO throuc,b 90, whleb. 1.1" the I lluaUonl of .tlof1 . 

h1~ .o"f1t IlluatioD" ae~10 00lft1c1'n' equatioDI, Inltru­

_ot lquaUODl , .Dd. .1Ic,U.anaou.l. Colwm:a 1J:Ioludii thl OptlraUOD. 

ind10,tAd by 'lluaUOD. 57 tb.ro~ 80, which are 'he IOClne 'lluat10nl. 

CoI~ C 11 a t otal of all optiratloD' for a four en«1a. alrplan •• 

!h. tollow1.o.c a'.wIptloo. hal" be,1I -.dl in 001ql1l1n& 'hh 

tabula U on : 

(a) WheN two or .N dhhloll' by • functioo 

or 1lU&D'lt7 ar. rellu!r.d , the r.clprocal 

caa b. toUQd and 'hee .ultlpl1ed \0 rl_ 

d1llOl d11'111011l. 

(b) i4clprocal tuantl'1 •• whioh r, .. 1oed con­

.tan, 4ur1.nc: the ~er operation or 
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4.7 g!!!!,!!ry.ll! CAUU\aUpAI 

1'he (0110'111114; h a ~,. of tbto lI~er of _"be.Ucal 

ope rationl indlcatod by thl a1rcraft Iqgat,tonl of ~ppelldlx A • 

! ! • 
Mul t1pllcat 1011 of \'110 9arlablll 10' 11 ,., 
~Up11CtlUOO of a 9arl,ble '1 103 • 137 

a cooltan\ 

-'4d1tioo. and Subtractionl '" 
, 

"" Dhillonl • 3 20 

s..c1proca.l1 , 0 , 
In\l&l'a,,1001 10 0 10 

!'rlc"no_trlc l\ulct1onl • 0 • 
1091rM !'rif;ol1o.trlc 11U1CUoJl,I • 0 • 
Squa.rl ioou , 0 , 
Joo-IJl,t'cral l~nent1al. 1 0 1 

Column A 1Deludll t be operat1001 1ft41oAtld b,. .quatloo1 1 

throu.ch 56 aod 80 tb.roll&h 90 , which arl tbe IqllaUOll1 of _tloJl" 

htU«' .o .. ot Iqo&t1001, a.~1c coett10110t equatlool, lnltru­

.ot lquatiODl, .Dd. .tecellaMou.l. Colwm i iIIcludll thl operAUorll 

1ndloitAd \I,. Iqua\1001 57 thro~ 80, whlcb arl thl ItlC1ne IquaUon,. 

Coluan C 1, • total ot .11 operatlool for a tour 1n«101 a1rplanl. 

!bl tollo'll1a« ,,,oJIPtl oo l hlJ,ge balo -.dl IJI, oO!lpll1Dc thh 

t.a.bulaUoJl,: 

(.) Ybere \'110 or .ore dhhloDI \I,. • tuncUoo 

or qU&llt1t,. arl r.quired , the recipr ocal 

CID be fo~ and thla .ul tlp l1ed to rl_ 

4QOI dh1sloDl. 

(b) 1601procal qQaAtltl,. wh l oh rl .. 1~4 COD­

l\a.D.t 4\U'1.nc the ~n operation or 
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•• 7 s" ..... n at. CAuu.\aUOD.. 

The follow11lf: h a .uElerl of t h.t ow.r of 1!I'I.t.b. •• t1c a l 

o~ratlon. ind1cated by th. a1rcratt equation. of ~ppeodl~ •. 

! ! "' Multlp11cat 100 of \wo 9arlabl, . 10. 11 '" 
MuJ.\lp11c(lUoo of • 9ar1able '1 

a con.tant 
103 • 13'1 

-'4dl\ 100. ~4 Subtrac\ion. '" 7 ,()7 

Dhil lon. • , 20 

ieclprocal. 
, 0 , 

In\'cratlon. 10 0 10 

Tr1.c:goo_\rlc fwul\lODI , 0 • 
In9.rM Trlloa.o_ tr1c llUIQ\1oa.. • 0 • 
SQ.ll&T' ioo u • 0 • 
lIoll-loupoall:J])OD.lnt1al. 1 0 1 

Columo • 1Dclu4 •• tbe operation' 1n410,,\,d bl ,quattOD' I 

t hro\lCh 56 ao4 80 t hroll&b 90 , Yhlch an the Iq,,-,loD.l 01 _ttO!l., 

hiAl' .o .. ot 'qO&\lon., .. ~ic ooefflcilnt lquatl oD', in.tru­

_a.t .qua\10Ill, ao4 allC.llanlou... ColUlm II inolud •• th' operation. 

l04io,,\.ed by IquaUOIII &7 tb.T~ 80, which arl thl IUC1D1!1 . quaUona. 

Co1\lal1 C 11 • t otal of aU ope r ation. for a four ID,l10' airplanl. 

!h. tollo" i.As a"uJlPt1oo . ha91 belllo -.dl 10 00~1l~ t llla 

Lablllatioll : 

c.) Yblre two or _re dhhtoDi bl a (uncUOI! 

or qU&Otltl ar. requir.d , thl reciprocal 

oao bl louod .nd theD .ul'lp11.d to rl­

d~1 d h 'hlo-a.,. 

(b) i401procal qUlAt 1'lel " bloll r •• load COA­

.tao' durblc: tbe .f.zla1.7s ... operatioD or 
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were set manually by the Flight Engineer 

were introduced with the assumption that 

the reciprocal had been calculated external 

to the computer. 

(c) This tabulation does not count any specific 

operation more than once. 

(d) Ho operation for finding values of functions 

of computed values from curves or function 

tables are included. 

(e) Additions and subtractions are tabulated 

together since there i s no essent ial d i f fer ­

ence in these operations. 

( f ) Bach operation involves two quantities only, 

so the sum of three quantities i s two addi­

t ions, e tc . 

(g) Integral powers are called multiplications, 

thus aa • a * a. 

5. 2YKAHIC BANGS AW) ACCURACY 

Only estimates have been thus far arrived at for the dynamic range, 

sens i t iv i ty and accuracy required for the computing equipment to be 

used in a solution of the problem of aircraft motion. Some of these 

estimates are given in DIG 6295 Report 49. 

5.1 Pitching Angular. V e r i t y 

Fl ight t e s t s show pitching veloci t ies as great as • 30 per 

second in certain necessary f l i ght test maneuvers. Although f l ight 

test procedures no longer pay great attention to a determination of 

the period and dumping of the phugold or long period longitudinal 

o sc i l l a t ion , an airplane, i f disturbed from i t s trim angle and there­

after uncontrolled, wil l pitch in accordance with t h i s Bode of i t s 

osci l lat ion,and i t should be reproduced for such a time as the pi lot 

might leave the analyser uncontrolled. This involves a very small 
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, 

wrl "" IIIUIwly b,. th' 711&M ~ln • .,. 

... rt 1l'Itro4uclcl .1\b th' .IIW1pt.10D that 

tbe rlolprocal bad belO caloulat ed u :ttru.l 

\ 0 th. oomputer. 

(e) !hh t .bula"loD. clo •• not count azl7 lpecl.r1c 

oper~\10D .ore ' han ODCI, 

(el ) 10 op'raUon for flnd1", Yalun of funcHon. 

of co..,,,\,4 .. ,lues fro. cur", . or !1uaction 

'ebb, ar. Inclu4e4. 

(,) ~41UOD' and wb~rac1.1ol1t art tabu.l.atld 

\ ogttbn I1nee t hlrt h no .... nUal ditter­

IDCt 11:1. tiMO" op4Iratlolll. 

(t) iac:.h o.,.ratloD b ... ol .... ,"wo Q.ua.Dt1t.l •• 01\1,. 

'0 tbe na of threl q.l».nUU .. h tvo .M.i­

U oot , ItO. 

(.) latlen1 po. lt'S art called IIUlUpl1caUOnt. 

' bol " • • • t · 

5. DYlWUO UlGi AlII) ACCIJU,CI 

~:r •• U_Ut hal'l 'bela t hu. faz arr l".d .t (QE' "bt d)'nMl0 r~. 

"0111.1,,1\1 aDd aocur~l r.qul.r~ for th. coaput.1nC equip_at \0 be 

u .. cl ill • IIOluUoD of t h problea of airoratt .,Uon. So_ of th, .. 

.. t1aa\ .. art ,htD 1u DIC 6295 iaport. 49 . 

5.1 P U,r,hiA( Mm' er V.locltr 

'11gM- '"" abow pHchlDg .a1ocl~1 .. a. poa.\ a. ! 30
0 

per 

.. cod 111 on\ain 0110. .. ..,.7 tll,;b" "a,t ~u .. ra. .tJ.\bGuch tUp\ 

t a " procadura, 110. 10DCtr Pal cr'." .\tlnUoll \0. • dat,ra1uUo.I. at 

tbel par1o.d and 4up1nc 01 "till Jlbu.co1d 0.1' 10."« parl04 IGIICHud1llal 

G"111aUGIl, an a1rplaM. 1t d1atur'be4 (rGa 1\1 trl. aacla aa4 \~~ 

at\n VODCGlltrGllad, wi ll p1\o.b 1Il .o.o.ordaDca "hb "hit 804. Gt 1h 

otcll1aUo.ll, aD4 1\ thoald. 'ba ... pr oduc.d. t Gr neb. • \1 .. a. t.he pUGt. 

a1,;bt. lA ... t.h. ua1.7 .. r IlACGlltrGU.d. fbh 111'1'0.1 .... a "1'7 ,-.11 
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• 

ver. Nt -.Dually b,. the 71~t l\Q&1nl er 

ver. 1.o""4uoI4 with tbl '''WlpUOD that 

tba reoiprocal bad beeo o81oulated 'J,:t.r~l 

t o the oomputer. 

(e) !hi. tabulation do •• Dot count anT .~c ltl 0 

operll.tloQ IlOre t han ODC' , 

(el ) 1 0 0J"l,aUoQ for {illdin« 'l'alulill of (unc U on t 

of 00",u\,4 ... ll,l,fll fro. our",. or lunatico. 

t,1I1 .. are loclUde4. 

(,) .1441\1001 and Wb:racUobl an tabul.ahd 

t o,,'twor dncl there b no .... nUal 4Jfrlr­

.DCI 10. \) ... oper.tlolll. 

(t) iach operatioD 10'1'01"1. two ~UADtltl •• 001,. 

10 Uw n. of thue Cll»J\tHl .. h two ~cll­

U onl , .tc. 

(g) Int'lTd PO VI t'S au can,d. .'o,Hlpl1caUoQI • 

• hlll .~ • • • e. 

Ii . :mwuc Ul'Gi AIiD ACCI,IU,CI 

~J .,U_\ .. ban M'o t bul far arrl .... d at r~u· the Arna-10 ~ • 

• ,011tl .. 1\1 ~ &ocurac1 required for thl computing '~P"D\ to be 

u .. d 111 • solution of the pr oblea of airaratt "UOIl. So_ of tbe .. 

.. U._to .. arl shell. b DIe 6295 .port. 4'i. 

5.1 PU cl! iQr AM"l et Yfloch, 

111gb. , .. h abow pheh1.a& • • 1ocUI .. .. U'." ... t 30
0 

per 

H COIl4 ira o.r".in oae .. -.r7 tllcbt ta.t ~u. ... rs. U'hou.cb t11eM. 
\ •• t prooa."unl 110 10llCtr paz p'aat . '''IIUOII \0 • 4a\.ra1QaUoo. at 

,bel pn10d. aJI4 d.a..IIp1111 01 'M phu,coU or 10111 pnlod 10llCUudiraal 

o-OlllaUOII, aD .1l'J1laM. 11' d.ht.UJ'~ ho. 1" ' 1'1. aACla d4 \bra­

af" r WlCOII \ roll.d., wlll pUch 1..u accvwc. whh \ hh -.,4. or 1\1 

nolll.Holl,aDd. 11. thoal4 M nprod.\1Ced. tor nc.b. .. U_ •• to pllo' 

al,b' le ... \h. u.a.l.7r.ar 9co&\ro11.4. fbh l uo1 ..... "1'7 .-.11 

_11_ 

, 

• 

conuwrrlAL 

veri .. t. -.oually b~ "he 7114b' ~ln.er 

wr. 11ltro4uc.cl vl\b "b. alilUlpUOD that. 

"be reciprocal had b4en c~cula\ed .~\.rDal 

\ 0 th. Domput..r. 

(o) !hl. t.abulat.i on do •• not. count. ~ ~ol.fl0 

operat.lol1 ItOri 1-han ODCI , 

(ct. ) 10 operetolon lor 11nd1Df; .. IIolUl!l ' of (uncUen. 

of oo.-put.od .. a!UfI. frOI OW''''' or fUllcUon 

",'lib, aT, 1I101U4od . 

(.) ..I441t.1oo1 IIJ1d wb~ract1ont an t.abu1.at.ld 

\o«.\~r I1nee thor. h no .... nUal d.Jrtor­

.DC. 1n \) ... operAt.lolll . 

(t) Lch operat.loll 111"01 .... ho lluallUU" 0111,. 

'0 t.be n. of thue Clt».flUt.l0. h t.wo ~1-

\ 1001, ot.o. 

(gl Int.'CT, l po_u au caned II'I1lUpl1caUonl, 

.hol " • • • e · 

G. 1)DWUO Ul'Gi ~1) ACCUW:I 

Oal;r •• U_\ .. ban ..... t. bul tu arrl.,.ti I' tor \he 4)'nA&1o r~. 

" 011\1 .. 1\1 ~ aocurao1 r.qulr~ tor thl coaput.11lg equip .. at. \ 0 be 

a," itt. • ..olu\1on of \a. p r oble_ of airoratto IIOUOI!.. So .. of loh ... 

.. HIlA" •• an chen 1a DIe 6295 iaport. "!L 

5.1 PurhlQc !p&"l er VtlQchr 

1Ugb. , .. h abOIII' pheh1a& ... e1oc1t 1 .... u'.\ .. t 30
0 

per 

Hcod 1D oerlain neCllear7 tUsbl \e.t III\.nn ..... n. .lllho~ rUpl 

\eet pr ooed.urel 110 10"",1' p.,z ,re.\ .\\enUoll to • ~ \.ra1IlaU_ at 

tbe per10d alI4 d.a.IIp1nc at u. J!b\\C014 or 101\& ~rl04 lo1lCU'IIIl111&l. 

uolllaUoll. aD .1l'pl&M. 1.t 4h\urbK !roa 1\1 \1'1. aACl. aDd. thu_ 

at"r ImCOIl\roll.d., ,,111 p1tch b ACCord.aAc. "ith lhh ~e 01 1\1 

.. c111.Uon.alI4 U diOllld. M reproduced tor ncb • \1_ •• tu pUOl 

allb' le.,.. \h. L!llLl7ler ucollotroU.d.. 'f'bh l.u01 ....... "r7 ,-.11 
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angular velocity which night be as small as 0.1 per second. If such 

a motion i s to be accurately generated, the equipment must be sensitive 

to a much smaller velocity change. Ideally one might wish to have 

sens i t iv i ty to l/60 of this velocity or to 1/600 degree per second. 

Thus the ratio of maximum to minimum ve loc i t i e s might be as high as 

18000:1. 

5.2 factor fif. Safety for Aircraft 

The maximum value of pitching velocity of 30 per second 

used in the above example i s leased on exist ing aircraft and does not 

allow a factor of safety for future aircraft or missiles which might 

increase i t s value. 

5.3 factor of Safety XR Computation 

The above observations on required dynamic range of computing 

equipment does not include a factor of safety for significant figures 

lost in the computing components themselves. It i s readily seen 'hat 

mechanical and e leotr loal equipment for analogue computation can hardly 

have a factor of safety above the dynamic range indicated in 5.1 and 5.2 

5.4 Bltictrlcal Signal B&B£& (Analogue Computer) 

Since the electronic computing components were being designed 

around conventional vacuum tubes and their c ircui ts Including cathode 

followers, a maximum A.C. signal amplitude of approximately 40 volts 

seemed desirable. A dynamic range of 20,000 to 1 would then require a 

minimum detectable signal of 0.002 vo l t s . 

Di f f icu l t ies in obtaining the required dynamic range for 

signals are immediately apparent. 

5.41 Shielding 

Very careful shielding would be necessary to maintain 

noise levels of 1 millivolt or less on signal lines carrying maximum 

values of 40 volts. 

5.42 Power supplies 

Power supplies must be regulated to a few mi l l ivo l t s of 

ripple to prevent the introduction of extraneous signals. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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• l!,f;Ular ... dOCitl wh1ch .isht be a ••• 11 .. 0,1
0 

per .econd. It .och 

• 8Ot10n h to be acCUl'"t.l.7 t;'tnerllt.c!. , the .quip_Ai lIU.t bel .. 11.ithe 

t o a ~h .....uler ... dec1tl cban,g.. Id •• lly One M&bt wieh to boa .... 

.. n.1th1ty to 1/60 of thit .... locit,. or to 1/600 d.p'u per lecond.. 

1'hu. t be ratio of ..u:la1a to 111111II\11II .... loo1U .. M&bt b. a. higb ae 

1800011-

5 . 2 la.c.!.u Q.( ht.t.U ill .lircrt,O 

!'h • .-xilalll ... alUl! of pUchlo« .... locit,. of 3l)0 per .. cond 

uud. 1n tb. abo.,. e:r.&llQ>le 11 \.aNd. on .:d . tlo,g alrcrN't and do •• IIOt 

allow a facto r of alII.ty f or future alrcr~t or mi •• lle. which a1gbt 

ioc r'Bee it. value . 

Th. abo .... obMrvatlon. on r'/luired d:fll.l\&lc r~ of c Olllput1nC 

'/lu1p-eot do •• not 1nclud. a factor of ear.ty for .1«ulflcao t fieur" 

lo.t hI. the co-:put1.ue cOllpOtwnU th .... l ... e.. It h relUilly .. ea ',hAt 

aechaDlcAI and .leotr10al .qu1p .. nt for anftlogu, comput8tlon can hardll 

ha .. e " f8ctor ot w. t y abo .. , the dyn&ll1c rADge iMicAted 111 5.1 a1\d. 5 .a . 

5.4 :t;.lect.r1 c al.5J.p.aJ. I&nu. (AMJ,OG' CO!!plltu) 

Sinc. the .l.ctronic coaput1n& ooapoblnt. Wlr~ bel~ d •• iened 

around cODv.nUoaa1 .... cuu.. tube. AM tbe ir cheuih includ ing catb~. 

tollower. , a ~1aum ~. C •• l enal &aplitud. of .ppro~1mBt.ll 40 ... olt • 

.. e.d d.drable. ~ d)'lloaalc raue' of 20.000 to 1 vould the n reo.ulre a 

IDinl.u. d.tectable .1~1 of 0 .002 .. alt •• 

DlfUoultle. 1n obt. 1111nC the reo.uired "'yault rft.Dp tor 

.1bn~' Ar. i=-ediatel, .pparent. 

5 .41 Shiddinr 

Very careful .hleldln~ would be neee •• ary t o .-lntain 

nol •• 1 ..... 1. of 1 ail11 ... 01t or Ie • • on .1~l1Bl li ne. ca:r11~ aaxlDWa 

... alu.. a t 40 ... ol t • . 

5 .42 ~ iURpll • • 

Po .... r INppUe. aI.t b. r.gu.lAted. t o 110 f.w alUlvolte of 

rippl e t o p r e"nt U~ introduction of e"t ralleou' tipl •. 

• 
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aQCllln .... locH.' whlch .lsh" 'be: I.' ... ul .. 0 . 1
0 

per .. cond . It .uch 

• aotion i. to b. accur"",l.1 pn.rshd. th, .quip_nt. nat be Mnalth. 

to • weh ...-lier ... &locH,. eh~. 14.1'11y OM M&h" ... ish to boa .... 

ItIndth1ty to 1/60 of t.hit .... loeh,. or "0 1/600 d.'cr'. per leoond. 

1'bu, Ulot ratio of M1111a1.11 to lIinillUlll .... loo1U'" M&h' be a. high 81 

1800011. 

5 .2 la.c.1.u 2l w..u m "'1reran 
the _x1~ ... slu of p1t.ehlDf: ,..loc1t, of '9)0 per .. con4 

und in the abo'll ., .... ph 11 10aHd On ,xi , t.1Dg e.lrerftt't. and doe. 1IOt. 

.110'" a fact.or of Mfety f or fU~'(lr. ILirc raft. or 1:11,,11., whleh 111gbt 

1ncr.ate 1ta valul . 

'l'b. abo .... ob .. rvat10n, on nq,u1red d;(luullie rallG' o f eomputl.nc 

.qu1p .. nt do •• nOt. locllU1. a fact.or of Mf.,y for a1gnif1ean t f1t;Ul' •• 

10.' 11'1 Uw co~utl..n, cOllpOnent. 'b .... l..... . It it r.Nilly ... Il ',hAt 

Deoaanl csl aDd .110"r10al .qulpment for anAlogue eo~t"'ion can hardl, 

hR .... " factor of ..r"y .bo .... the dyna.a1c range indicated 1a 5 . 1 a.nd 5 . 2. 

5.4 KleCt,rtcal 1iPAl. lLI.Du. (Wlom Coszuterl 

S1ne. the .lIct.ronic couput.hI& OOllPOn.ot ..... ro! balD,( d. a1t;n.d 

around conv.ot. local .... cuua tube. and t.b. ir circuit.. inc1ud1n« cat.b~. 

follower • • a -.u.111lm .i.C. l1enal amplit.ud. cf appr011mat.11 40 ... olt • 

.. . .. 4 4 .. 1rable. .i d)'l!A1ll1c ranC' of 20.000 to 1 would t.hen reo,ulte a 

.tnlmu. d.t.ct.able .1~ of 0 .002 "'01" • • 

DifficulUe. 1a obta101nc the req,ulr.d dYDUlc rADp for 

l1;;nd. Me l:uedlatell appareot. 

5.41 Shltldlne 

V,ry car,ful ,hlel41nt would b. nee."ary t.o ae.lntain 

nol., le.,I, of 1 .tl1i ... olt or 1,., on ,1~nal li ne, cn:r"lnr, aaxiDWa 

.... Iu.. of 40 ... olt • . 

5.42 bllU mpH .. 

PO_I'" tuppU" .u.t b. tI~hd t o A f .... al111volh of 

ripple t o pre .... nt. the 1ntroductlon of ."t raneou. a1~'. 

• 
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• ~hr .... locit' which .1p." be Il' .-.11 at 0 . 1
0 

per .. coni!.. IC .uch 

• .otion 11 to b. acCtlr'Ilt.l.1 ,;en.rllted , th •• quip.n' _tt be .. n.Hh. 

t o,. INCh ..u.ln ",locll,. c~. Ide,.lly Obe ll1&bt ... 1e)! t o ha'" 

.. n.ltl.lty to 1/60 of tbi ••• loclt1 or to 1/600 d." •• pe r .eoond . 

Tbu. l~ rllUo of ..u.11WII t o IIlinlwlA .... 1001t1e. ll1&ht be a. high III 
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5 . 2 l4.C.1U gl.. h(J.11lH. A,lrc;ran 

rn. -.d-.ul "tI.lu of pttchl.o« .. loch, o! "!A0 ~r Mcond 

Ultd III the abo.,. n.&lIIpl. 11 l.aNd 011 esi atiD« alrcrftt't and doea !lOt 

Allow" fllCtor of Mlety f or !utore Il1ror art o r 1II1 .. 11e. vblch .Igbt 

lnor •• _ I ta value . 

The abo •• obMr"at lon ' on r.qu.1rec1 4:nul.lclc rallC' o! cOllputll1C 

.qulpm.llt do •• no t loclod •• factor of ..r.ty ror .1Gnl!lcaD t f l eur" 
lu.t III tM co~utloc CO~Mllt. t b .... l".. . h. 1. r.Nill)" .. en ··hat 

.eoa,.nloal and .l-atrlonl .qulpment tor aDAlogue co~t"tlon can hardl,. 
ba", " factor ot w.t,. abo"e the 4rnamc ranKe Indicated 1.11. 6 . 1 IIJI4 5 . 3. 

fl.'" SleCLrl c a\ 11.D.tL1. 8&.nD. (_locu. CollpUter) 

SllIo, t M .hctronlc coaput1zl& oOllpollent. wrt! MID,&" d.tltn,d 

e.round cODvellUoGal ".cuu. tUMI aDd. tbe l r c ircuit. lno1ud. l l\it oatbQ.l!., 

foll owerl , e ~eum ~. ~ . lienal &mplltudt ot .ppros imat. l , 40 "olt. 

" I . d dltlrable. ~ d)'M.lA1c rfI,D.CI or 20.000 to 1 ltOuld t hen req,uin a 

a1.al.u. d.t.ct"bl, 11sna! of 0 .002 ... ol t • • 

DittloulUe. 111 obtalll1118 the rtlq,u.1.red dynall1c rll.lll" for 

11;'''1:1,,11 l\I'e 1II1IIIdlate1,. appe.rent. 

, .41 SbUl41nr 

T'r1 CAr.Cul Ihieldln~ would b. nlce .tar,. t o Maintai n 
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5.43 Sliding Scales 

Computing elements requiring mechanical equipment such 

as potentiometers must have precision gear trains and, even so, must 

operate with a sl iding scale factor based upon some assumption of 

permissible reduction in sensi t iv i ty with increase in signal l e v e l . 

5.5 Extension fit Analogue Operating Byipn 

Since the required signal range of an analogue type computer 

using voltages to represent variable quantities can probably not be 

realized, certain alternatives must be considered. One of these Is the 

division of a problem into several phases of investigation. Tor example , 

the aircraft take-off conditions might be studied with an expanded set 

of scale factors for those variables which have only limited range. 

Again, straight and level f l ight conditions could be studied with high 

sensit ivi ty by setting up the analyser specif ical ly for th i s problem, 

l a s t l y , maneuvering conditions could be represented by sett ing up the 

problem for maximum range of variables. These alternatives are undesir­

able since they place a greater burden upon the Investigators who set 

up a problem, because operation of the aircraft analyser becomes more 

d i f f i cu l t , and because continuity of f l ight i s lost along with i t s 

psychological e f fects upon the test p i l o t . 

6. KOH-LIKKAR COKmCIBSTS 

Many of the aerodynamic coefficients shown in Appendix A are non­

linear and depend upon values of variables being computed by the 

analyzer. The following tabulation summarizes the number of these 

variable coef f ic ients . 

f u n c t i o n s fit 

One var iable 

Two v a r i a b l e s 

Three • 

Pour • 

Jive • 

Engines 
(Equa t ions 
57-79) 

2 

6 

0 

0 

0 

Hinge Moments 
(Equa t ions 
2 2 - 2 5 , 40-48) 

4 

6 

7 

1 

1 

others. 

15 

20 

9 

1 

0 

Tflii 

27 

60 

16 

2 

1 

* Total for four engines. 
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6.1 IxasjEles 

The following examples of non-linear coeff ic ients are Included 

and discussed In Appendix B; 
_ i 

f, (°< , d J, T = largest term of l i f t coef f ic ients 

f. (<=>< , m ) = term in l i f t coefficient caused by-
large mach numbers. I . e . , very high 
speed 

f_ (*f H, <f) = term in drag coefficient caused by 
rudder deflection 

f. N,T -T ) • term in pitching moment coefficient 
c 2 C3 caused by unsymmetrical thrust 

f i o l l f / 8 , 1 ) • term in yawing moment coeff icient 
c2+3 caused by rudder 

6.2 Bepresentation of Non-Linear Coefficients 

Several methods of representing non-linear coeff ic ients imme­

diately come to mind. 

6.21 Cams 

Caus are perhaps the oldest form used in f ire control 

computers. These would be too cumbersome for the aircraft analyzer 

because of the d i f f i cu l ty in cam cutting, the Irregular shapes of 

some coeff ic ients , the large number of variables involved in some 

functions, and the problem of inserting cams into the analyzer in the 

set-up of a new problem. 

6.22 Tapered Potentiometers 

Tapered potentiometers could be used for functions that 

did not require frequent alteration. However, since most coeff ic ients 

wi l l vary considerably from one aircraft problem to another, the use 

of tapered potentiometers is rather impractical. 

6.23 networks 

Some studies have been made by Bell Telephone Laboratories 

and this group in adapting electrical resistance networks using static 
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elements and potentiometers for the computation of non-linear functions* 

While this method shows some promise, i t i s d i f f i cu l t to set up, cum­

bersome to execute in practice, and lacks the f l e x i b i l i t y which should 

be associated with this equipment. 

6.3 Tapped Potentiometers 

The use of tapped potentiometers showed the best promise for 

representation of variables in an analogue computer making use of 

e lectr ica l voltages to indicate signals. These potentiometers were 

planned to have several taps at which would be established voltages 

corresponding to the function at the tap posit ion on the potentiometer. 

These voltages would be established perhaps through a punch card system 

and cathode follower vacuum tube c ircui t s . Such a system can be ex­

tended to several variables, function representation i s based on the 

assumption that linear Interpolation between points of data i s s a t i s ­

factory. Some tests were made with tapped potentiometers having several 

sliding brushes with resistance networks for smoothing curves at the 

points of discontinuity in slope. These methods showed promise but 

itudies were not carried to completion. 

7. AHALOGUK CIRCUITS 

7.1 Alternating Voltage Carrier 

Analogue computing c ircuits studied in the early phase of this 

work were based entirely on the use of alternating voltage carrier to 

represent variables. Work was done at 60 cycles and considerable inter­

ference was encountered between power supply ripple and signals. Phase 

shift between signals on the input of summing amplifiers was a problem, 

as could be expected. An alternating current system was i n i t i a l l y 

selected because the problem seemed less formidable than thoae associated 

with direct current amplifiers and their power supply problems. A 

network of approximately 12 summing amplifiers was constructed to 
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,l, .. a'. ~ 9O"atlolmt.r. lor the oo~u\atloA or aOD-liaear tuao\iOA" 

WbU. \ h ie .. thod ehov. eo_ proal .. , lt 1e d.1t!1ouh to •• , up, cua­

berlo" to t~utl in practiot, ,nd IAc~1 the Ill~lb111t, whloh .bouJd 

bt ... oc u,tld. vHh \ h1l . quip.at. 

6.3 hud 'etlAUo_teu 

The u .. or tapped. pot.lIlHO""lri thowed. the "It pro.l .. lor 

repr.leat.tioa 01 Tarlablll 1n aA aDalocae oomputlr -akll11 U.I 01 

eh otr ie,l Yohapl to lA411;:,u dp.al.. !Mo .. PO\IAtiO"Uri ~re 

plaJUle d. to han ... ual tapi at >dUc.h vQlQld. be l.tabUtbtld. Yoh., .. 

cor r "pAod.iQc to , be l~tlol1 at tbe ta~ po.lti oo 00 tht 9Ot,II,10 .. t.r . 

tbt .. ~B4I«" woud. be .. \ab l hb.~ perbapi tbrouch , p!lIICh oard q,t,. 

d c,Ul04, l ollo ... r .. t.e1I._ talMo circuU,. Such, ."t,. OtA be ,_ 

t,nd.,4 \0 ..... rel .. ar1a.bl.,. Pu.o.cUoo rep,. .. At,Uoo 11 b ... d. 011 tbe 

"'-.ptiOD tbat lia-ar int e rpolat i on b.t~'A polat. 01 de' , i ... tlt­

I"'or,. 10_ U'" .... ra ..... de whh appold. pountlo"'e,. ba .. la.c ..... ral 

.U41.a.c bruel:.t . wlUl r .et,tanct nil work. lor •• 00thlJlc O1U'l'" at the 

palau or diaoODtUu1\y 1D elope . !h ... . thod . tho",,' prAld .. but 

.,u41., _r. 40t earrlM t o eO!lpl.UoD . 

7 • .tJI.uoGUI ClHCUJ!S 

1.1 A.lUrDl,\W "'1\0&'1 CN dn 

Aulop 00llpllt1nc cireut'" .twUd 1D the .uly pM" 0 1 th1l 

yor~ ... r. ba .. d nUrtly on ,be use 01 altlr_Un.!!: .olt,.. oarritr t o 

rep,. .. A" "arlabl". York: _ . 40l1li a t 60 OTcl, . and oonl1d.rabh lJII "tf­

Itrtnc. WII. ,tloolllltt,.d bet"' .. n powr roppll r ipple and tlp.l,. 1'ha .. 

abll t _t",...o t1CJ1Al.' on the input 01 luaalllC .-p11l1lorl va. , probl, •• 

e' co1ll4 be 'lJ)ect,d. J.a al"TIl&t~ <:UrreAt ' I .t, ..... 1Il1tl.11, 

Ml , ot,d. beo, a .. t h' probl, ..... 4 1, .. l orald.tblt tban theH ,. IOCU,ted. 

.. i t h Urlct cwr .... ' &IIIlIUhre an4 \ t.1r po_r .uppl)' problt.. . .&. 

Mtwrk 01 . ppruL.ttl1 12 ~.,. l1li'111 1., ••• COIlt\n&C t,d to 
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.1I_1)t., aZIIi 9O"I)\lo_-"r. tor th. oo..,u\AUon at 1I0Q-1100"" I\UI4UolI •• 

VbU .. \hit .. \b06 Ihw •• 0_ proalN, it h 411110u1\ to •• , up, oua-

'01 ... 0 .. t.o .11011.\. hi pract.lo', ,ad laolr.. tho (In.lbllit, '!I blob .houl4 

be ... 001.6\14 wHh thh . qulp .. ot. 

6.3 ~ PAL.n\lo .. t,r. 

n.. UN of t.appe,d pot-.DUO.\ .... .bowed t.b. bed proalN tor 

reprlNII\.\1(1) 01 ,..,.l.6bl •• hI an aJI&lop oOli!pu\.r -.klD, u, 01 

.leot.rlc,l nh.,.. u lD1lle,,,, dc:n.al.. !bI .. PO"I)Uo,,"" W" 

plUllle4 h ba" N'.ral 'ap' at. ..bJeh ~d. be tlhbl hh.4 ,oha& .. 

cor:-e.poa41J1c '0 
!'be .. "l~. 

\be t..c'lol1 a' t.he tap po.lt.loD OD t.be pot.«Dtlo .. '.r. 

.u be .. \&bUm.4 porblt.p. lhroucb • puacb clU"G q., •• 
and ca\J::oA. toU .... r ~ ,abe circuit.. hob • • ,.1,. •• 0", 'lie .~ 

tolU1e4 to '".nl ..,1a\Ib.. PwacUOI1 reprt .. lltaUoa 11 bo._4 011 ,~ 

..... \lo. tbat. U.ar l.A'-rpoLt.\loD bo' .... D polD" ot 4.\" 11 .. U ... 

tachr,. 10_ tuta WrI _4e with :.pp.4 pGttntlo"'.n b.t .. lrac .... rtl 

. H4la&: bnu.l:: •• ",lUI rt.ht&DCt nttwork, tor taOo,blAc CUI'''' a' tbe 

pol." ot d.1ooooUl1lla, 1 •• lope. 'nit ... tho4. abo"4 proll1 .. but 

.'1141 ...... r. aot carr I" to coap1.tloD. 

'7. ,lnl.OGUI c acu 1 TS 

7.1 4ll.rQA\iA& Yal,,&CI O.,rl.r 

.balol\l' ca~utlD.l circuit.. "wH.4 hi tb. '"rl, pMN ot 'hit 

rll .. rt ba .. 4 tIIth',l), 011 \be uae at oH.rlll\\111« taUftC!' (larrl.r ' 0 

rep""I1\ ... .,lIIbl... York va. dODa at 60 lI),ch. and lIoOlldtrabl. UI'.r" 

(.toftC. -. •• aollUA',," "' ..... a pawr O'IIpp1, dpplt aDd .lpal • • i'h. .. 
.bUt bth, .. a tip.a.h 011 th. l.aput of ,u.dac ...,lltbrt ..... pro'ola_, 

a. cco'lLl4 'ot 'Qllc'''' ..lei tlttnatUc aurr.G' . ,., ....... lIlUlall, 

N IH'''' 'otc .... tb. pro'olta .... 4 1 ... forll14a'olt that! UI . .... eoc,-, • • 

• "'0 ""rac' CVT .. t allpl1t1.ars arA ,btu r s'Upp1:r prt"oloa.. • 

.. ' .... rk ot al'Jif'OtiM.'.17 12 ~ t.III'l1thre wa. com,.lnICtl4 ,. 
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represent equations 1, 20, and 29 In Appendix A. This network did 

not involve servo-driven multiplier units but used stat ic potentio­

meters at the points indicated for multiplication of two variables. 

Noise levels in th i s network were held to about 1 mil l ivolt and the 

required dynamic range outlined in Section 6 were obtained although 

considerable d i f f i c u l t / was experienced. Phase shift between carriers 

was particularly noticeable at summing amplifiers where signal sub­

traction was taking place. large quadrature and harmonic signals were 

found at the amplifier outputs. These might be tolerable in many 

cases because signals eventually fed servo systems at multipliers 

or Integrators which are fundamentally insensitive to quadrature 

voltage. 

7.11 £sM£aC Amplifiers 

Several types of c ircuits were Investigated for summing 

A.C. signals, and a reasonably satisfactory amplifier was developed 

and tested in the demonstration units . The essent ial features con­

s is ted of bringing the signals to be added (up to five In number) in, 

through isolating cathode followers, summing the signals by ordinary 

current addition methods in a single grid res is tor , and then raising 

t h i s total signal to the correct voltage and impedance leve l through a 

feedback stabilized amplifier. The accuracy of summing with good 

matching of input and output impedances i s of the order of one-fourth 

per cent. The dynamic range was about 1 to 30,OCX) from minimum to 

maximum signal and the output distortion was usually l ess than 2> 

to ta l harmonics. The phase shift except for very small signals was 

l e s s than one degree for 60 cycle s ignals . It seems probable that 

these summing amplifiers, with certain modifications suggested by the 

t e s t s , would have been entirely satisfactory for the contemplated 

analogue computer. 

7.12 Integrators 

Two approaches to the integrator problem were investi­

gated . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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r.pr ••• nt equation. I, 20, aDd 29 1n Ap~a41x A. !hi, ~lwork 41d 

Dot IDy01"1 "T"o-drlvID .ultlpll.[ UDlt, but u.,d It,"lc potentio­

meterl at tho polnt_ indicated tor multiplication or two variabl •• _ 

'01 .. 1, .. ,11 1n 'hie network Wire hlld to ,bout 1 al11hoH a.o.d the 

r.quir.d d~o r~. outllned 1n Section 6 Wire obtain. d althoucb 

conl1d.rfl,bl. dltt'1eult7 _t u:per1enced. PM .. 1hlh ~twln carrier. 

wa. parUcular11 noUe.able at _111g .-..pl1ll.rl Whirl I1CDlI.l IUb­

trlction va. \aklE\1 place. Large quadrature and barllllOoie I1pall VOU" 

fO\lnd. at ttw a-plll1er output.. Ttl .. ., aj,«ht be tohreb1e 1n ~ 

c •••• bee,uII dgnall .ventually t.d .. ryo 'T.t ••• at. ..utip11.r. 

or hl.t.ecratorl which are tuIld.&alnt"ll, In .. "l1th. to quadr,torl 

"oltact • 

7. 11 ~" ~ 4!pllrl~[. 

Senral tJPeI of c ircuit. wen In .... tlg.ted. tor .uaa1Q1 

•. 0 . '~" and I re •• on.b1l .. thhctorl a.IIpU!1tr ..... d.".loped 

ud ~ •• ~.d 1n ~h. d.aoot~ra~100 1lIl1~.. Th ••••• 0U.l f •• ~ure. 000-

.ht.d ot brl",i~ the .ip.alt to be add.d (up to the 10 oWilber) 11l , 

throuch 1101at1ng cathode follower •• ~n& ~h •• 1«nal. 'Or ordlnarr 

cdrrant .o1c11t100 .,.thod. io a 1111«1. grid retiltor. and thtn r.ll1a.J 

t hl. t otal I~goal t o the corr.ct "olt~ &ad l~edaoct 11".1 throuch a 

fudback ttab11ind acpl1f1er. The a.cCWa.Dr ot .u.ll..o.t; wah £'lad 

.tchlac ot input anet output .bpeda.n.c .. 11 ot tb. ori'r of one-to1U"th 

per c.nt. 'I'be d.)'D&al c r&Zl£l wa. abont 1 to 30,000 froe c1nlE11.U1 to 

1QP.1~ d«Ml a nd. tb. outpu~ dlttortioll vat u.WLl!r It .. than ~ 

total baraoo1c.. Tbe phaee .bltt .~ept for "rl .... n tit;ul ... ,. 

I ... tbaA 00. d.cu. tor 60 clel. 11~.. h i .... probabll tbat 

tb ... ~1q: atapl1t1.rt, wah urt,tn aodlt1catloD.t w«,p.te4 '07 the 

t •• t •• would. ha", b.eo .nUr.ll' .. t1tfactorl' for the contelllJllat.4 

ana10cue co~ter . 

7 .1 2 lottcrator. 

two approach •• t o the 1ntegr.~or probl .. .... r . 10 ••• \1-

_lI2_ 

oolD'wn.,.u.L 

r.pr"'D~ .~ualloDI I, 20, and 29 to Appea41.~. !bi_ Det.ork did 

cot. 10.01 •• • ,r, o-drl •• o ~llpll' r unit, but Ut.« 'tatl0 pot,ntio­

met.r, at , he point . indica,.d tor multiplicati on of two 'arl,bl ••• 

101 .. i,y.h 10 'hh network weI'''' hdd t o ,bout 1 aUlholt. and the 

rl q.ulred d~o rAn«' auUbed. i n SeOUCD 6 wire obtain"'- .u.b.oUO! 

oonddlrfl,bh d.U'flculty vae experienced. !'bAl. ahlh b,lwel!!. ourllrt 

w •• partioularl, ootine.hl, at ~1~ aepll! ttrt Vb.,., ,lCD81 tub­

tracUOD ... tak11l1 pl.&c, . large qo.ad.ratur, and har.,lI1c 11&:Oall """ 

fo\U14 a' t he ~l1thr out.pu.u . fbI .. -.1«ht b. tolerab!. 1D MAl 

c:tu •• bee.u .. dew ' I «otually r,4 "1'1'0 '7"'" a" aa1.1plbn 

Or l ot'crat.ore whtcb art rUD~Dt.All, in_ Otltl • • to qua4r"ort 

.ohace . 

7.ll er.y'X MpUtlflU 

SenT&! t 7Jle1 of clrcu.UI were 1D ..... tl,..'ed (or '~IIC 

A. O. 11snal •• aad • r •• t onably aatl .t.ctor1 .-pllll~r .. t de •• loped 

and " .hd la the d.e .,adr.t10n 1I..Dlt.. 'l'he .... ntlal t •• t tl .... oo~ 

l1.lad ot br1actCC the a1ftQah t o bl add.d (up t o t1n UI a_ber) bI. . 

th.rou«h holat1ag c.thode tolloveu, ~D« the denali bl ord.1nArJ' 

mreat 1441Uoa _thod.l 1a A ela,;b &rid nlhtor, and t h.n r.1e1ac 

th11 t ot.l ,1cn,1 t o t he correc t ~olt~ and l~,4aDc. 11.,1 tbroach • 

t •• dbaok ItabU h id acpl1!1er. Thl ac011l'a.ol ot Iu..in« witb ~ocl 

Mtchl.Df; ot input and. O\ltput .bpeda.nCl ' 11 of the ord.r ot one-fourth 

per c.nt. '1'b. d)'Da.ltlc r/l.ll4!:l .. A. abOllt 1 to 30,000 tro. a1n l~ to 

~1.ua .1e~1 and thl output dl.tort l oo val uI~l, 1.11 than ~ 

total krlOo1cl. Tbl pllAee . bUt I XClpt t or .,..r1 ... 11 11t;_h Wat 

1 ... tbaA onl d"r .. for 60 crell elCJll..lI. h . .... prob.ble tbat 

tba .. -.-lnC aapllli,re. witb urtll1n aocl1.tloAt1oQl ~.," b1 tbe 

ta.tl, voul4 ba.1 blln antirel1 .. tlat.ctor1 tor t he con'lapl. , .d 

ualocu- co.hr . 

1.12 Ja\Ier.tor. 

'wo .pproachl ' t o t h, intecrator probl,. Vir. ln~'I'l_ 

p h d. 
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npr • •• nt .quaUOIII 1, 20, ud 29 111 j,ppudu J.. !btl GUvorlr. did 

ao\ 111'1'oh. MuHrl"'.11 mu.h lplhr UQH., bu." ", •• 4 ,,_,10 pohnUo­

_Uri a\ \ M po l o" t l..4d1ca,.d tor .nllt.lpl1cetloa or 1,WO '1,riabl ... 

'01_ 1,.,,11 10 \bll network wert!! hdd t o about 1 ,UU"oh and the 

required, d,DflaiO r~ ouUl..ned i n Se0\1011 6 wire 0\1\&1014 ,hhoucn 

oon,ld,r"bl, dllt1cul\)' va. u;per1encld. l'bII. •• .btn betWIO (lUI'!'" 

"'II par tio ularl, ootic.,ble at _1nr; l",llIhr . Wh'r. dCMl tub­

\rlo \100 va. '~1IC plac" larp qu.4.ra\\lr1 and. b.rMol0 denal' ,..,.. 

tollDli at. , be IlaJIl1fhr outpuu . th ... -.1«11\ be ,.In,nt 111 MJl.1 

c • ••• 'o.c&", .. l1ell&1. 1 'fell t aallT he!. .. r'l'o .,.", •• al. -.&lUpl",. 

or lat'cr"ton vttie h a ... r~n"All7 lD_lIdt"", \0 q1la4r.tlllu 

,.ohac-. 
1 . 11 !!g.y' y WUtl,u 

a ... ral '7Jle1 of clJ'1;u • .u, 
• • 0 • • lcaal . , u4 • rtI, . onalJl, .. liabetor), .... llllrr .... 4 .. '101*4 

aa4 hlt,1I. la tbe 4'''", \ r,\lol1 'IlDh,. th, . ... lItl&1 r •• t lU'" co ... 

• h t d or br1cc1 ac: ~be dpe.l. ~o 'be .t4e4 <ap to tl .. 1a ._ber) 1a . 

~ttro""b ho l.a~14f': ;a~bod.e tolloven , wca.1ac tho dpal. b, ord1un 

,,unlit a4d.1tl clIl. .UUIC!.J 1.c A 1111«1. p-1d .,..duor. aD4 ~hoa r,hl", 

thl, \ ot.l "«n,l " t ho correct .01~ aDd. 1~04aAc. 1 ••• 1 'hro~ II 

t .. dh;1t .,.bll h.d. a-pl111e c. 'rhJ .ccurso, ot '~lnc wUb &,,04 

.'cbine ot loput ond. output .bpod&llc" 1. ot tb. ordor ot olMl-IolU', b 

por cont . '1'bs dynaal c r~ "'11.1 ,"boat 1 to 30,000 t co •• 1nlt:1U.11 to 

-.slMUa .1«DAl and ,h. out put di .tor\ io. was •• UAll, 1 ••• tban ~ 

\0,,1 bt.r.o.1c t. fbi 'pbaoe ab1t\ u o.pt t or nr1 ... 11 .I/1:u.1I " .. 

10 .. ,baA o~ d'er .. tor 60 0lcl, 11p.al . . h ..... prob,bl. tbs,t 

tbo .. _ toe a.apl 1tlors. wUb urhtn aodltloat1ou wa-". \, \hi 

h.,., voDld. bs, .. bol a oo'Lrol, .. \1&tactorl tor t he conto .. la\-, 

__ 1~ COIlpQ\lr . 

7 , la lal'era\or. 

fvo approacho. \ 0 tho ~tecratoT pro)l, . ..... 1., •• \1-
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7.121 Mechanical 

A two-etage mechanical Integrator using bal l 

and disc Integrators from f ire control equipment were arranged in a 

manner similar to that indicated for the multiplier in Appendix C. 

Be su i t s from these units were not up to expectation, largely because 

of mechanical back-lash and other operating imperfections. It i s 

anticipated that these imperfections might not be reducible to a 

l ere l that would permit desired performance. 

7.122 Electronic 

An electronic Integrator for alternating 

Toltages was studied, based upon the use of feed-back: amplifier tech­

niques and Brown Tnstrument Company vibrators for the conversion of 

B.C. voltages to "A.C. In this circuit integration was performed in 

a direct current R-C stage. The output condenser voltage was con­

verted with a vibrator to 60 cycle A.C. and the resistance drop was 

converted to A.C. for comparison with the Input signal. The differ­

ence between input and resistance drop was fed to a high gain A.C. 

amplifier, the output of this amplifier being converted to B.C. for 

operation of the integrating circuit. 

Be search on this integrator was likewise not 

carried to completion. Other promising integrators have been developed 

by various laboratories wh.ch would have been investigated before 

making a final selection of method. 

Analogue Multiplication of electrical signals was planned 

with potentiometers and servo units. The potentiometer slide would be 

driven proportional to one signal while the second signal would be 

applied to the potentiometer winding. To obtain the required dynamic 

range, a two—stage multiplication would be used where one potentiometer 

would set the scale factor for multiplication by the second potentiometer 

as shown in Appendix 0. Because of the high accelerations and velocities 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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7.121 Kocbon1;ol 

J, '_Ita&- IWtcb.anlC41 J.nttUl\tor Ul l.111' bdl 

and. 411(1 111t"r .. \orl 11' 0.. tire co nt.rol Iq,ulp .. nt "ere arr&n«ed 111. .. 

_JUler d.tlar to tbat. indicatld for " he .\1\lp11_r in ~pendlx C. 

X.,ult, fro& tb ••• Wllte Vlre not up to expec t.UolI, lar,117 Mcau .. 

of .. chani cal back.-lalh and other openUZI& It1pt1rtlcUool. It 11 

tulUcipe.ted tbat. t.h," ilrpert,cUool -.t~t 1I0t. b, n4uclble to a 

l.~.l thA\ would per~lt d. , lrld perror~c., 

7.122 Kl.elronic 

J..,. electrouic 1.ntflilP'ator tor aUerr .. Uo& 

~ol t&gl ' .a . etu41ad, ba led upon tb. UII ot t • • d_b.ck ..pllfler t l cb­

olq,U.1 and Br ovn JD..t~nt COmp&n3 Ylbrftt orl tor t.h, oo.oY'r,lco of 

D. C: Yol'i"&-,;.--;-ro-A.C. '11 this elTc:ulCintlua(\oD _. pufor_a 10. 

a d i rlct currlnt ~C .tag.. 1'b. output con41oHt .ol1.~ _. ;0.0.­

.,r t ,d with ... i"brator to 60 oTcl, A.C. "nd the ra.letanet drop "., 

eonTatted t o. .f..C. tor cOllplU"lIon wHh tt-..e input dl;ll.al. 'l'he 4Uter­

ence between input and ree1,t.nee d.rop vae ted. to • h1&h a:801n A.C • 

..-pl1t1er. t he output ot tb ll II.mpl1! ler lIe ll1l: confer ted. to D. C. for 

operaUon ot the illtep'a t1nc clrcuU . 

Be,ear ch on th1, 1ntecrator va. Ilkew1 .. 1I0t 

carried to coapletioo . Other proilli tln,s 1n\e4!:l'a"ore haTe bee ll de,.,lnped 

bl "'&riou. laborator1e. III •• ch would have Men lo""U@:II.t.d betore 

-.kina: a tinal .electlon ot .. thod . 

1.13 Hal\ lplic.\iQD 

.t.A&logue .w.tlpl1cat1on ot electrlcal eSplll, WIU planned 

wUh pote!lt10_ter , and eer.o unltl. 'l'htI po\enUo .. hr di4e vo11ld be 

4r1 ... tI proportlonal to 0111 a1pal whUe t M .. eoad. e1pel IIWld. be 

applied t o tbe poteot10_ter w1ad1ol:' '0 obta i o tbe re~D1red d¥na.uc 

raJ1&lf. a ,,_,tale -nH 1pUcfl,t10n IIould be .led .tIere one pot,nUo_ter 

would M t t h' .c.l, tactor tor ..ut lpl1cat1oo b7 th, .,cood poteotio"''',r 

a. sboWft 10 .&p~od1s O. Becau .. ot tl:, h1ch accd,rllUonl a.nd ,.d001U" 
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7.121 MochAp,iC:al 

J. t_lta&- .. chADical lnuUlt.tor UIIlI« bdl 

an4 41110 lnt"n,tore tro. tin control .qulp..ent "e", uraD&'ll4 1n a 

-.nner I1ll1lu to that in4ioat.d for t lul .l.HipUlr in Appell41x C. 

Belul t l troll t h.l. Wlhl Vlrl 1I0t up \0 expec:taUolI , lar,llJ becauM 

ot llec:ha.nicd back.-lalh (Uld other openUc« ll1111rf.cUolIl. It II 

tultic:lpated \bat theN 1.p.rhoHolIl ll1~t lIot b. red.ucibl" to a 

1",..1 that "owd permit dilired perforN..Dce. 

7.122 11.,'rqal; 

ion eltctrCo"10 llIteU.\or tor .. H"rr .. t1~ 

yoh/l&1I •• , Itwil,d, baled UpOIl the "I' of t .. d_b"k allPllfhr tec:h­

nlllUille and BroVl) 1::r.th·u .. nt COI!pa.nJ' Ylbratore for th' conYlr,IOIl of 

O. C: yolti&e---;-tO·.l. C. In this rncul( 'inte&r"nOo IItI.I perfor_a 1n 

a 41r.ct current iL-C Itace . !be output cond,nHr yol\~ val 0011.­

Ye rt ,d "lth a .1brator to 60 oycle A.C. It.nd tbe rellltanee drop "al 

eon'Yerted to A..C. !or eOMpftrhon w1tb tt'.e 1nput df;ll&l. fb. dtfflr­

Inc. betvtoeD input and nti,tanc, drop _, ted to • hl&h IIlt.ln J..C. 

-..pl1t1tr, the output ot 'blt a mpl1!l. r betel COnYlrted '0 D. C. for 

oper"Uon of the lntep'"tln& c1rou1\. . 

B. ... rch on thle l n te&rlt.t or wal Ilkaw1 , ' not 

ourled. to cOl!pltUoe. Otber prolll1s1n,s let,ua 'oTl haYi b •• n d. ... loptd 

b1 .arlou.l laboratorial wl •• eb would hav. M,n 10 •• eU@:It.d before 

~C " floal ,Il.otloo of .. t hod . 

7 .13 Haltipl1Da'lQD 

AAalogue .ultlpl1catlon of .lectr1.cal tiptll. val pla.Jln"d 

with 9O'eo\lo .. tlr, and 1'1'1'0 Ubite. fbe potlntlo .. ter ,11de would ~ 

4Th.1! proportlonal to o",e , 1pal whllt tbe ,.eoad. dp.l wodd. b. 

awHeel t o tbe pot,n\1o_hr w111410l' '0 obtal0 ~be r.ql,llz.4 dJn.tAlo 

raII4PI. a t_.h., • .alUpl1catloD wow d be liNd "n.re one potenBo_tlr 

wou14 .. t 'he ecal. f&o'or for .uHlpllca'loo b1 ,b, IIcond pohotlo .. t.r 

.s tbOllD in £ppellC11..J: O. Btuu .. of tte h~ accelera~10ne a.nd •• locUl., 
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7.121 Mochanical 

J, 'vo-.t~ IIIIch1ul1cal Lnt,UfI,tor 1I,1nt; tldl 

and dhc 1nt.le-n.t.are Iro. tln cont. rol Iqulplll!lnt. " ere artaA&'lld 10 a 

MAIlCIl' -t.ular t.o t.hAt. indLoat.ed for " lui allHpUtr 1n Appendix C. 

X..ul t, {roa t.h ••• uait, ",rl 110\ up t.o eXp4lct.at.ioo , lar,.l¥ Moan .. 

of .. chAni cal blloCk.-lalh ud ot.hel' opeuHIl& 1lll*rrleUool. It. ,. 

JUlHclpt.ted t.hat t.h, .. ll1p.rhot.!olll .u~\ 1I0t. b, nd:aclble t.o • 

l ay,l that. would per~t d •• l~.d pertor~c • • 

7.122 Kl.e'rQAlc 
ion .hctrc.ulc lIIt.eua1.or tor aH,ru.Un,r 

yol t,&8" 01. ' It.udl,d, ba,ed UpOIl th' \I" of t.ld_back .-plltler tlcb­

nlC1.UlI ud Broltll 1o lt.l"\lIIItnt. Co~ ,1brll1.orl tor t.he con,erlloD or 

D.C: . oltRce---;"'"'tO-".C. III this rnculf1.nt.I!IU"nO'D ...... per!orDeCl 111. 

.. dLrect currlnt. &-C Itae- . 1'h.e output. cOlldloHr .ol\e.ce IIftI COI1-

'Irt,d with •• ibrat.or t.o 60 oycl, A.C. ~ t he rlll,tanee drop W.I 

eOIlTerw.4 to .4..C. for OOllptU"ltOIl "hb tt'.e input "pal. 'l'b.. dUt.r­

enee l;Jet.we.n input. e.Ild rldet.ane:. Ilrop _e hI! to • h1&h 1I,,1n .l.C • 

.. plUur, ~he output. of thh a mplL!ler betnlj con'ef'U~ U D.C. for 

opera t. ion of the tntesrat.1n& elronit . 

S. .. arcb on t.bie lot..&T~~or wal l1kawl .. oot 

carrhd. to cOiipbUon. Othlr pro.l t1n« intepatou ha" b.eo d.e,.eloped. 

tl1 "1!U'1oua l.bont.orl .. vl •• ch would. halt'e M,n 111'.et1~t.~ betore 

-.k1n1l a f1nal e.leotlo11 of .. tbod. 

1 .13 Mal\lpl1cat10D 

J.nalogue lIUlt.lpUoatlon of .hct.r1cal dpale va, pl.emled. 

wUh pohZlUo_Ure aod •• r'o WI lt. . The poUMlo .. t.er alida would 'b. 

d.r lnl\ proporUow to 00' elpa]. whU. tbe .ecO_ alpl wOl1l~ be 

applied. t o the pot.ont.1a .. t.er wt1l410S' '0 o'Ota10 t be reC!.l,Iue4 dJn.lIJa 

ran,p. a tWO-It." -nlUpl1cat10n would 'be 1ued wh.re 0l1li patflnUo_"lr 

wou14 .. " th. loah faotor for ~l\lpHo.tloZl '01 the .. oond. p<luZlt1o ... ter 

••• hown 10 .£ppall4U O. lIeoau. .. of ~t:e hJ..s;h acceleraUone and "locHi'l 
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experienced by the variables of the aircraft analyzer problem, it would 

be necessary in an analogue machine to have high-speed servo units to 

drive the multiplying potentiometers. 

7.14 Frequency Modulated Servo 

A servo system for coaqputer operation was experimentally 

studied for high static accuracy and high natural frequency. This 

servo system operated with a polyphase, low-slip induction motor driven 

from a variable frequency source capable of continuous output between 

the limits of positive and negative (reverse phase rotation) frequency 

required for maximum motor speed. This servo system is discussed more 

fully in Appendix D. 

7.2 AC versus DC Signals 

Only studies of an AC carrier system for signal voltages had 

been conducted on this project prior to the transfer of attention to 

digital computation. It has not been clearly established how the 

disadvantages of AC carrier systems, particularly phase shift and 

power supply ripple, compare with the problems encountered in direot 

current amplifier systems. It is felt that work carried on by 

Columbia University using direct current amplifiers, multipliers, 

and Integrators has been carried to a higher state of development and 

may well be more desirable than the AC system for computers within the 

size range suitable for analogue computation. 

8. WIND TUliKEL TESTS 

The data describing the aerodynamic reactions of a particular 

airplane requires extensive wind tunnel testing. In the Wright Brothers 

Wind Tunnel results are obtained, referred to wind axes, and are recorded 

manually. All results are static and no tests to determine rotary 

derivatives are made. In addition the hinge moment results on small 

scale models are inconclusive. 

Extensive redesign of the balance and recording system will incorpor­

ate provisions 1) for testing for rotary derivative, 2) for automatic 
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.~rl'DC.d tiT t b. Tar1,bl,. of tbe elrcraft anal,'I" probl, e , 1\ would 

H QeC"Ml'1 1n an analogue llaeblne to ha". bl,;b-cpeed nr"o unit. \ 0 

drt". the .ultlpll1oS potentiometer,. 

1.14 lr'QYI~CZ Modulat.d ~ 

..... r'l'o .,..te. for cOlp'Ol..er operation _. II}Ierl_ut..lll 

,twil,d for hlp .t.lic accuracy a nd blp utural f~queI'lCl' fh1t 

H"'IO .,''',m OpI,.,t,4 with. polyPu .. , 10_d1p induc\lon D)tor 4Th-In 

fro. I "art.ble inCl._lie,. IO\ll'CI caj)llbl, of contlnuou. output. b,h"'n 

th, 11~t. of po.ltl~ and D.~tl". (rl.',. •• pna •• rotat£on) frlQuaDCl 

re quired for -.Ii .. lIotor _peed . !h1t ,IUG ,,..tu. 1. ,Uleul.,1l -on 

tull)' 1.0 .lppendu D. 

7.2 A&. YU..IllI I!&. A1CJ!fh 

Only ,tud l •• of an.lC cllU'rllr .,.1.,. for d«N1 .OU~. bad. 

bt,n conduc t.d on tbi, proJeot prior to the tran", ,, of _tttation to 

41SH .. I cO!Ip'Ut,tloD. It hal not b'.n clearly •• t.bl hbed bow thl 

dlla4,ptac" of A.C aarrin .,Itellll, parUcuI.rly pba .. Ib11t aDd. 

power .uppl1 rippll, CCIllp&rI "itb tbl probllllli lacountlred 10 dirlct 

C1U'"ot .-p11tler I""'." It 11 tel\. \11.\ work: CArrild oc b, 

Coluabla UalTirlit1 UI1Dc dlrec\ CUtreDt .-plitlarl, -altiplllrl, 

.!ld lulp'.$orl bal bela ourled to a hi,bar .t.tl ot de,.e10p.II.t and. 

-1 w.11 b. -orl ct.drabll thLD thl N; l1lte. tor oOIlJ'Ut.er l "Ubl11. \ hI 

11t. rLDel .u1table tor .naloCUI cocputatloll. 

8. WIlD 'l"UWlIXL 'fIS'l'S 

'thl data 'ucrib1 .. the alrod.;ru,a1c reaction, of • particular 

airpllUle requirel Iswotl .e IIlad tUll.ll11 te.HIIf!:. b $he Wrich' »rotblr . 

Wll1.d TunalI rl,ultl al'l obtaleld, reterrld. \ 0 iliad aze',ac4 arl recerdld 

-.owly. All rl.uhl are I \ "UC IIId all. te.tt to dltlr.lll.l rotal'1 

derhaU,.11 are -.41 . Ill. a4d1Ueo. \h. billf;' __ Jlt "nl.$, OJI .1IIIIt.11 

teal. IIOd.llt art IDQoncludTl. 

1:I[\.o.ti" re4ld"" ot tMi 'balLDC' aM. rtcor4a, " ,,,. will l~orpor­

at. pro.ll10Jl' 1) tor te.$1JI« tor rotary derl •• \1 •• , 2) tor l u\0 .. '10 
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.~rl'ftC.4 boT ~b. Tari,bl, . ot tb. aircraft ~llt'r probl.~ . 11. would 

b. neC:"saJ'1 1D. an allalope llaeblnt \0 ha". Mg.-epeed l.,yO UDlt., \ 0 

4r1". thl .ult lpl)'ln, potlntio"'er •• 

7.1. 7r'Qu!AQl Nodulat.d !It!a 
~ •• r.o ' 11\,1 for co~ter operat ion Wftl '~rl .. ntall, 

, twU,el tor hlp It.Ue ..courae,. a n.d. b1sh DAtural frtq\MII'lCl' fbi ' 

Hr1'O qlttm operated v itb • po11Jlb ... lo _ _ Up 1Dliuc\loD. .,tor Ilrhll!l 

frol , 't'l!U'l,bla frtCl_nc)' ' OIlrCI caPl'bh of cOl'ltinuoul output b.t ...... o 

the l iMit, of po.ltl~ and D.~tl.,. (re".r •• pna •• rot,\101l.) fr.queocl 

uquired. for -.z11m.a IMor . peed.. !hi. "T.O l;Ylt ... 1, ,UlCu,.,d lIOn 

full, 1.0 .lppendu D. 

1.2 A&. '!UllI I!&. l1CJ!Ah 

Only ,tUll i,. or an £.C e arrhr IT.t •• for dp.al TOUa&'" ha4 

been coDduotld on thl, proJeot prior to tb, tran".r of ,"'.otioe to 

H,lt,l cO!Ip'Utatloo. It hal not bleD cllArl)' .,t.blhbed. bow tbl 

dllacha.atac" of AD auri.r q.te .... ~rUoul.arly pba ... 11111. a:a4 

power .upply rippll, 00ap&r1 ..,itb tb. probl .... Icconat.rld 10 dirwol 

C'lU"recl .-pItt1er .,....... It i. telt th,al work carri.d. 011 b7 

CQlu.bla UlllT1r.lty u,1Dc direct IIUTrell t e~l1!l.r., aalllplier • • 

and latlge 'Qra he. belli. oarr1ld to a b1,~r . tele Qt de.,elop_ o.' IDd. 

-, w,ll b. ~rl d.edrable tbu Ihe ~ .,1". for cQlIpllter l wHb111. th. 

11&. range .ultable tor ~10~1 lIo~tal101l. 

8. wlIm 'I'UInL rlS'l'S 

the date 41ecrlblac Ibe e.r04~c r'ac\101l.' ot • par\lc.Lar 

alrpllUle require. ":"'1111'1 • ..,llld tUllll.el ,.,HI!«' b the Yrlpt. lIrotbnl 

Vlcd '1'nnl:Iel re,ult.. ere ob\e1a.4, reterred. t o ..,1114 Ut', aM are record..d 

-..nuall, . All r • .uh. ar. I t,UII u4 11.0 , .. , . \0 dl"r .. 11\41 rot.arl 

dnhath .. arl 1Ia4,. 1. ecl41Uol1 t b. bl~ aI1_II.' ren.1tl 011 .-.11 

-aal. -.,dell are ll1ColIC1ueiTl . 

Ij[Iell.l1.,. re4.ed "" ot tbe baleo.e. and. rlcord,i.II, I"". v111 l l1Corpor­

at. pro.,i.ioll, 1) t or ""\111& tor rotarl dlrl."\1.,,, 2) tor aut o .. t1c 

.... 
COJ1'lmlj'TUL 

.~rl.ned. b, t be .art.bll. ot t.h. aircraft ~ll"r prObltll, U wolll4 

'1M uce • ...,.,. 1D an analo«"Ge Illaehl1l1 to ha". bl&h-cpeld "1'.0 WIlt, \ 0 

41'1". the .ultlpll1nc potentia"'er,. 

7.1~ 'r,QU!AQl Modulated !!txA 
... aer'l'o ,,.1\,. tOT co~"-r operAtion WI .~rl"lI\fl1l7 

, tUdhcl tor hlp st.Ue acCU'IlC), an d. b lC1 utwoal rHQuencl' fbtl 

"1'.0 -rIte. oper,t,d witb • po11Jlu ... lo_dip ind.uel.loD. .,tor 4rh,n 

fr oll I .. art.lIla frlll_flCT I O\ll'CI cIPfibl e ot COl'ltLDnOUI output lI. t ...... 1l 

the 11~t. of po.ltl~ and n.~tl". (1".'1'" pna •• rot,tlon) Ir, quaoe1 

uquired for -.z1~ 110'01' . peld.. ~h .'no 1,.11.1 .. 1, dileu",d. -.on 

full), 1.0 A.ppend1.a: D. 

7 . 2 A&!!.LIllI 1!2 110*11 

On11 ,t"Ud.l •• ot all ~ carrhr ')'It •• tor dp.al ",01\3&'" had. 

b,.n ooQductad Oil tbi' project prior to the tTSU.r.r ot "'111.\1011. to 

diCh .. } cO.IIpU,.,loo. It bal Dot b'ID charll •• , .. b l 11bed how thl 

dll&4'a.Dh.~1 ot At: oardlr 111"11111 , p.t.rUcularly pha .. ,bUt &Ad. 

pow.r .apply ripple, aa~e witb tbe proble~. eoconntlred 1ft direat 

C'IlJ'"Dt .-pUlle r .,.14... It il telt tbat work carri.d 00 bT 

Colu.bla Ool"r.lt, u,1ac di,.ct curreDt .~l1!l'r., -altlpl1'r., 

,04 lntlr;ratou ha. bleo oarr ied. to a h1,b.r .tat. ot d. ... elop_Dt aod. 

~, well b • .ore 4s,lrabl. thaD tha AC .,a'e. for oo.putere wltb l 0 t be 

e1l.. range .1Ilt-able fo r ualo,;ul cO~'a\1oll, 

I. Yllm 'I'tMo'U SST! 

Th. dat_ 'eecrlb1ac tb. a.r04~o r'actiool ot a partlo~ 

alrpllUll requIre • .,:140,11' •• 104 tuoo.l t •• u~, 1a th. Yr1cht Brotbar. 

Vlod 'l'uruI.l .... ult. are obta ln.d, ... ferr.d t o w1114 U", aM ar. record.d 

-..nWll.ly . All r • ..ut. a,.. . t.Uc and QO t .. t, to d,tlr.lnt1 ro\1t'1 

4Irh'ath •• are l1li4., Is ad41Uoo. lb. bi.Jlf;s lO ... ot "ro.1t, 00 .-all 

scab -..1. It'. illCollClusl .. . 

JJ;t.os! .. r.41",,,,, ot tbe btUaM. aII4 r.oord1ft, . ,.t •• will ll1Corpor­

at. pro .. l.loD, 1) t or ""inc for rotarl d'rl".'t"e, 2) tor autO .. lla 
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data reduction and recording and 3) for obtaining data about stability 

axis. Tests on large panel nodels of the control surfaces will provide 

Bore accurate hinge nonent data, and some actual flight testing may be 

done for correlation work in determining dynamic characteristics. 

8.1 Data for Model £ 

The equations of notion as now set up in Eeport 64 include 

the equations for the aerodynamic coefficients. The component func­

tions of them coefficients has been compiled for a twin englned air­

plane designated Model A. These data, results of actual test for the 

most part, have been used in preliminary calculations and are represen­

tative both in type and quantity of what the analyzer must handle. 

See Be port H-98. At present moment coefficients are given about body 

axis and force coefficients along wind axes. The equations are set up 

in the analyzer to transfer the force coefficients to the body axes 

system. It seems advisable at the present time, however, to convert 

all coefficients to the body axes reference before it reaches the 

analyzer. 

9. COCKPIT UUS1GN 

The aircraft analyzer problem, as visualized for an analogue com­

puter, required a cockpit having sufficient realism to provide the 

illusion of flight to the test pilot. Much progress in this direction 

has been made by the Bell Telephone laboratories in their Operational 

flight Trainer, further improvement over these units is necessary 

not only in the instrument readings which depend primarily on the 

computer but also in the generation of control reaction forces. 

9.1 Cockpit Mounting 

Operational Flight Trainers have been built and operated 

effectively without provision for cockpit motion, less elaborate 

trainers, such as those built by Link, have used cockpit motion to 

good advantage. 
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uta reduction and. Tecor4iD« and 3) (or obtaiulnl data about It,bIlt'" 

axis. 'hIt. 011 lar,' paM1 Mdll, of thl COII.t.rol t uriae •• viII pro1'ldl 

.,~ acelll"a" hi. __ at data, _ 10 .. actual tl1&ht t"UIlI -.:J t. 

40111 t or oorNll.Uo. worlt 111. ~t'rIl1J1,1nc ~10 oharacurl,Ucl. 

S . 1 Pal& tll &AI:l ,l 
'l'b. equation. ot .,UOII a. lUI'll .. t 'ClJI in hport 64 hlolll4e 

t he equal-lolll tor the .. rod,Jn&a1o cMfflcllnh. !hI oo~on'Dt fWlC­

tioel of tb ... co,ffic ientl hal MIa co~lh4 for a twin Inllu4 .1r­

p l&.11.1 4Id,o.ate4 Model.1, n.. .. &tata. n eal' . of actual het. tor tbe _.t. ptU't. ban b .. nuNd. in pr.11.1narl calculation. and are repUMn­

,.th'1 both 1:4 trpe ara4 ~tH)' of what the ual.tser ~.t baAdle. 

s.. iepoTt &-98. .U. pre ... t lIO_n\ coeff1elln"t aU ,hln about bod,1 

axh and lorce co,lficilnh .1olll '111M axe.. 'I'M equatione are .. t. up 

1n th, anal,ur to t.rander the forel colft l c h!ltl to the bod,. u •• 

• ,ttea. It .. t"l a4"l .. bl, at "be pr'.D.t th_, aowy.r, ~o oODy.rt 

ell co.!floiellh t o tbe bod,J fLU t rerereDc' 'before h Hacbe. the 

UIal''''r, 

9 . COCKPIT D~S lGJI 

Tbe .1rcraf ' analyser proble_, a t yl,uall ... 4 for aD &Dalo~, 00 __ 

pu"r , required. coekrlt hayill« .ut(le ieDt r.alit. to proyide the 

llludoD o( (11CM to the ten pilot.. Muob proCH .. 1D. ,bit 41rectloD 

hat be.D -.4. bl tbe Bell Tolephone Labora~orle, in thelr Operatlonal 

flight TraiDer . lurtMr IllproyeMDt on r th .... unit, 11 Dece,arl 

110' olll, 1D the be\r'\l,IIII!IDt rea41D1' whicb 4epeGd pri .... U' OD ~he 

co~hr 'lNt aleo 111. the pner",UoD o( oODtrol rlllotion forc.e. 

11.1 Coo!cpU Hounupc 

OperaUoQAl )'11&11\ !raiD.re be,.. been built and operftud. 

e(fect1,..11 without proyl,10n (or cockpit .. tl0D. Le., elaborate 

~r.ln.r', ,uch ., tho .. bul1\ b, 14". he ... uNd cookplt. .. tiOD ~o 

cood .d.fant"", . 
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Ilata u4.uction and. "loor4.111.1 and 3) for ob t.e.la.lI11 uta about ,t.abllHl 

&;z1.. 'hIt. 011 lu~ paMl Mdell of \ hII 001l."r01 t urCac •• vill pro1'ld' 

.,~ ace.ur,t.1 hi. __ a\ 4&ta , aA4 lODe ac:t.ual tHch" t.,Unc -.:t t. 

40n. tor cor,..l,Uoll vorll: hI. lh'-rllh.1n, ~10 ohaI'acuJ'l,Uc •• 

S . 1 PaY. lM.. &U:l " 
'l'b. aquation. ot .0\ 11;111 . 1 lUI" lit q 10 bport. 64 !Doluda 

the squattoll t for thl "J'o4,Jtl&a1o cMftlo1lah. !hI oOJIPonlnt f UM-

1.1001 ot the .. co,tllelect, bat ~.a oo~11.4 tor I twiD II1«ta.4 ,1r­

p ll.lll 4ad,ut..d. Noc!.l l .1, ~ .. &lata, n lul t . of actual het for tht 

_U, put, han bu n 'Il Md. 111 prel1111nar7 ealculat l oDI and aTl repu .. n­

t.aU •• bo th lD t ype aD4 ~th7 ot wbat \he a.oal1ser 11;1.1' hall4la. 

s. • .Beport &-98. J.t pHlut 110_11" ooetf1cbn\. are ,1MD about bodS 

di . aD1 lore. co,ffieieat. .10111 ... 1rul ant . tIa equation. an .. t. lip 

111 t h. anal~.r to t.raneter the tore . co,fflell l1.t, t o lb_ bodl &ZI. 

t,.telD. It .. 1 1111 adyl .... bl. at t.he pra.n" \1_, ho_yer, " 0 (lolI,.er " 

all coetrichct. "0 "be bod,J ILU . rererert.c' MrO,. H ,.t.eNe "be 

~f1:'r. 

9. COClPl~ DKSIGH 
Tbe aircra.'" analys.r proble., . t yhualhe4 r or &11 .-10&U, co~ 

pu'er. rectwred. a coeJqtU u1'iq .ufr Jciellt. r ... ll,. \0 pro,.Jd.e "he 

illudoD or rup" t.o t.be ten pUot. . b b pro,,. .. 1D. t.bit 41rtct.ioD 

bat beell lla4e b1 t.b, Bell Tel'pbolUl I.bora"oriet In t.h,ir Operational 

111.ght. Tnia,r . Furt.her 1IIpro,.e_II" o,.er I.he .. UA1t.a it nece'tar1 

~" 0 111, 1rt. t. be lll.t~rt.t. r ea41Dc' whicb ~peG4 prl...,ll, 011 t.be 

cOJqlll",r wt. altO 111 Uw pneraU oD or oODt.rol rtllCUOIl rorc'" 

11.1 Cpgl!:pll HounUpg 

OpanUo1lA1 'Hpt. fr.1Dert ba" bUll built. and. op,utld. 

,rrtc "I.e l1 wit.bou" pro,.l.ioll ror cockpit -ot.101l . Le ••• labora"e 

"r.Jller., ,uch ., t.bo .. buU t. b1 14d. ha,.e tlNcI. cookpit -0,,1011 1.0 

coocl. ad1'an"a&I' 
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dAta ud.uc Hol1 and. "loor6.111.1 and 3) for o'bt.61nlIl1 data about. ,t.abllHl 

a.zie. 'hlh Oil lare- paMl .alll of "hi OOIl\ ro l avlae •• will pro,.14 • 

.,~ accur.u biDet __ at ut.a, aA4 l ODe act.ual fUp" ""Unc -.:J '-

40ne f or oor,..laUoa wor lr. 18 IhwnlD.1.J:1, d,ru&a1o ohaI'&OUrhtlCI. 

8 . 1 PaY. m &Ul " 
'l'b. equation. of .o\loll .1 IlOII .. \ q 1a Bepor\ 64 1 1:101llldl 

t.b, eqa.,llolll for t.bl "J'o4.Ju.a1o co-fflo1lnh . !U OO~Il'Il\ f UM­

Ucet of t.hI .. co,rUetln"l hal bela co..,lhtl. for .. tv1.n lajl;1IuItl a1r-

1'1&.11.1 4Id,oat..d. Mo4.1 •• '!'M .. !lat. .. , n,ult. or actual he\ toJ' tbe 

.on Plll' t . han bun u MA 111 prel1alt1Ar7 e&lculat, l oDI and. an rlpreNo­

taU". 'bo t.b in type AJ:I4 ~\1\7 ot wbat. ttw a.ul1ser -a,.' baD4.1l. 

s.. ieport. &-98. .U. pr'''Il\ 110_11\ oo.t f1cbD\ ' are ,hiD about '004.1 
lUi , aDllorce co, tr1e l I0T. 1 .10111 ",1M an.. 'l'la l quatlOll1 art .. t. llJI 

111 thl analys.r t o tran .ter tbe torel 00,f l 1e ll.tl t o tbe bod, &ZI, 

17tha. It IU lie -.4,,1 .. '01, at. the prl .lI.\ t,1_, bo_yer , \ 000""'1" 

All co.tf1c1,o~, \ 0 ~be bod,J a.u . refererr.c' MtO" 1.\ "&ehll. ~be 

alIIlly&' r , 

9. COCIPIT V~SlGi 
Tbe alrcraJ ' aA&l~er proble., . , 'fl,ualhe4 t or all __ 10",,' eo_ 

il\n'r, n q,u.1 r,4 • cocJl:roh bad!!.&" .urt l c1eot. ruU •• t.o pro'fld, t.he 

Illusion ot flipt. ' 0 t.u !.eU pUot.. ~b prop" 10 t.hit Alr,c\lon 

M' been -..411 bl th' Bd1 Tel'phou t.bora\ orl" In 'heir Operat.lonal 

'Ugh' Tnalr . furthe r lapro'fe.D\ o .... r , be .. UD1te h nec •• earl 

OlI1, 01111 b. \U lqh'lUIIIIll\ r .. 41.q;. which dapeDd. prllllLt'lll 00 \U 

cOllpUhr but. al,o 10 \U pneraU on ot coo\rol reaot.lol1 torc'" 

9 . 1 Cpcl!:pll MoUQUpg 

OptnUoDAl 'Up\ fralntort ban b"n bulH &nil operauA 

,tt'c\I .. 11 vlt.boo\ proYl,loo tor cockpl~ .,tloo. Le,. ,labor." 

'rairr.,n. , uch at tboll bulh bl Link, ba ... 1I.N4 cockpi t. &Ot.lon to 

cooA a.d.Yant~ . 
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COHFIDENTIAL 

9.11 T i l t 

It Is proposed that the cockpit for the aircraft analyser 

be mounted to provide t i l t i n g In pitch and rol l which w i l l provide the 

necessary simulation of apparent change in gravity direct ion. With 

the cockpit mounted as shown in Drawing C-30053 the e f f ec t s of side 

s l ip , horizontal acceleration, and pitch angle can be simulated. 

Cockpit angular notion i s discussed more completely in 6345 Report Ho. 

a-ioo. 

9.12 Vertical Motion 
A snail amount of cockpit vertical motion may be pro­

vided to divorce the cockpit from the r igidity of a fixed support and 

to produce the i l lus ion of air-borne motion. 

9.2 Control F;rce Equipment 

A hydraulic force generating system was designed for the 

simulation of rudder, elevator, and aileron forces. This system was 

sensitive to forces of a fraction of a pound on the control column 

and could generate forces of several hundred pounds. It Is described 

in 6345 Reports Nos. H-36, R-37, B-38, E-96, and R-99. The equipment 

wi l l be redesigned into a packaged form when required for the a ir ­

craft analyzer. 

9.3 instrument. Arrangement 

Only tentative cockpit Instrument and control column arrange­

ments have been studied. When a flnpl design is prepared, it will be 

in line with the proposal of the Navy Committee on Standardization of 

Aircraft Cockpits. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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9. 11 .t1l1 
It 11 p r opoH! that tbe cockpit. for t.he drcr .. n a.o....l¥ .. r 

be mount ed to pr oy1de tilt.lng 111. pit.cb and roll ~loh wl11 provide ,~ 

nec' .. e.r7 d.ua\lon or apparent ch-. 111 &r"",it, direc tion. Yith 

tM cockp it .ounhd a. &hown 1.Q DrawUl« c-30053 "hi! _tteoh 01 lide 

, lip, hori zont.l .aolilratlon , aft! pitch aucle CAft be , 1M.lat.ld . 

Cockpit ~lar . H an 11 dhcu ... d IIOrl OOl!pletel, 1.11. 6345 s..port lifo. 

LlOO . 

',12 TtrUcal!kl.Uu 

J. •• 11 ~t ot cockpit ,..rUcal lIOt.ioll -., be pro­

'fldd \0 dhorce the cockph trolll the r 1,14H, of .. rUe4 I UJlPort aM 

to pr04UCI t he 11111.11011. ot .1 r-~oTD' motion. 

9.2 Copirpl l..u:a 19uip.a\ 

J. ~.ull0 torel C'ntratlQ1 " .t,. ~. d •• l,ned tor th. 

l1aulatloA ot ra44lr. ,ll •• tor, and .. 11,1'011. tore... !bi' "tL,. wa • 

.eotitl •• t o forol. ot .. (rac tlon of .. pouad on lh' cOntrol colu.a 

a.a.d could ",Mrate tore • • ot .,'!'era]. hundred pound,. h 11 de.crlbed 

ill 6345 Reporh 101. 10-36, R.o.37 , 1-38, B-96 , IUId a..99. !'he equiplllla~ 

yill be red .. 1ped 10t o • packard. for_ .. bn required tor thti air­

craft aD$l,ur. 

9 . 3 1.p.dru-pt Krann",,;t 

~l, tentative oockpl ~ 1a.tTUmdnt And control column ATr~'­

_ntl 118.." beell It114114. When. t111t'J 4 .. J.cn 11 preplU'ed, 1\ will bt 

111. 11.". .. lth the prOiOlal of tbe layt Coamitt,. on S\An4&rd.l'atlon of 

Urcra! \ CoclqJ U •. 

• 
t .ll I.1l1 

It 11 propo .. d that tbe cockpit for the eil'on.n ..-l¥,er 

be .oUDt,d to proyide tl1t lDt 1D pitob and roll ~lob vill proyl4, tba 

twlc,,,u, , 1.u..t1on of appannt ch-. 1n &nYU, 41uotlon. Witb 

t M coaltp H .oWlhd .. , -.hown b Drav iD« C-30053 thol etteoh of ,lde 

,11p, horl10lltal acceleratloll, and p1tcb "RIll C~ be I ~l.ted. 

Cockp i t u.cular .,tlo11 11 clhcu .. ed "1'1 cO!lp1ue!, 111 6346 "port 10. 

Ao-100. 

t.la TuU,.1!!1u.J.u 
j, --.11 .-out of cockpit YlrHcel .,tlol1 M¥ be pro­

yide4 to dhore. tbl e~II:pU froll. thl 1'1&141\, of • 1u.4 .~ert lAd. 

'0 pr04l1C. thl 1l1'lulol1 of .ir-bone .,UOII. 

t . 2 Cppt rol lJxsa Iqslplfnt 

... b.J'4rau.lic lorce p .II ... et11l& . ,., ....... dll1&1.4 tor tbl 

el~tloD ot nacld..r, .1lYetoT, and .. 11lro1\ torel " !bi • .,.."' ••• 

.. o,ltly. to lore •• o f • fraction 01 • poUD4 00 tb. C01\trol col~ 

IA4 ootll4 C'Dlratl terc • • 01 " nral h\Wlr.d poWllll.. It 11 4.ecTlbe4 

111; 6345 R.port. 10" 1-36. B-3?, B-38, J..96, an4 "'99. !bl .qui~ot 

vill be red .. l&!1'd ioto I ~kap4 CoT. WM II. r'qIoI.ired for tM l iT­

cratt aDal,"r. 

9.:S lAll.ruMlI\ Arranalllll\ 

Oul, , •• \s\ly. o~II:pU in.truDlo' "nd, coMrol ool~ IU'r~.­

_DU bey. be.n .tu.411d. WheD I flnr--.l 4 .. i€n 11 pnpued. U will be 

1D lltwl wHh tbe prop".l ot tt.. IIY1 Co.a1U" on Staaur41llUoD 01 

iJrcTaI, Cockpits. 

• 
-.. -

COID"l.I)D'Z UJ. 

9, 11 tuJ. 
It 11 propo .. 4 'hat t.b. cockpit tor 'M airou.n ....a..l¥ .. r 

bt IIOWlt.d t.o pro .. 14. UIUIlf'; ill pUoh and roll -.bloh w11 1 prn14.. \ t» 

"CI .. ar7 d .u.a\1on of appannt. ch~ 1'0 &nY1l., 41,..0","011. '!f1\n. 

,~ ooalcp h "W'lh4 a t abowu 1.Q Dr .. ..,1..Qc C-3OOro \118 ,ft.oh or 114e 

,11p, berl,ontal .oo.l.ra\10n, and pitob 'UCl, C~ b. . 1Mul.,.4. 

CoclLph 1Ul,lU1ar 110\1011 11 U~ .. ed lIOn cO!lpbt.el, 1A &34fi "port. '0. 

L100. 

',la "rt.tcal ~ 

A •• 11 aacnmt. ot coekp11. "rtical .otic. ""¥ '- pro­

.. lUll 1.0 4hore. tM coclEph troA ~ rl,W'r of .. tu.d. Iypn' aDd. 

\0 JlrMUI Ill, Uh,Loo of a.ir-NMIe .otto •• 

9 . 2 Coo\lpl fua ImpMAl 

.4 hT4T.tll1o tore. pn. rat.ll1,C .,..\,. WI u'lc~ for t.h. 

tl-.latta. of n44.r, .1n'.'OT, ~ alhroll tore ••. !hi •• ,.WI •• 
.... ltl ... \0 101'0" of • tract.ion of .. poQDj Oft ,b. c~'rol oola.Q 

ad oo'lll4 ,. .. rat. ton: • • or • .,..ral hw.lr.4 pOWld... h 11 4'':1'1"0111, 

1.6145 "POl'''' 101 ..... 36. L-37, .t..3B. "'96, an4 J..99. !bl .qa.lp.aot. 

w111 b4 n4 .. 1~4 iD1.o .. PfoOlt:ard (ora .. bu r.quired. tor ,bot dr­

or'" AAA1,,,r. 

8 .3 l.o"'nwpt 4crIMlND\ 

Ott.1, 'ID,,,,1v1 cockpU !altr\1DlQ\ ", lid oCMrol oolwm urllJlll;l­

_nU ba,. bien ItuAilll . ¥beo .. fl n&.l d .. lcn 11 puparld. 1\ ,,111 " 

b 11_ "Hb 'bi pr opohl ot \hI la.,. Cown .. on S\MWd,ls"Uon ot 

41n:r.t\ Coclcpl". 
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This report supersedes the Information in 
Report 50 and Report 64 dated October 3 1 , 
1945 . I t i s supplemented by Reports 1 5 , 
18 , 4 9 , 58, 62 , and R-98 . 

I t i s the o b j e c t of t h i s report t o Include under one cover a l l 
the symbols and equat ions to be Incorporated In the ana lyzer , and to 
descr ibe the progress of e q u a t i o n development t o d a t e . Progress has 
c a r r i e d the study to a p o i n t where equat ions , f u n c t i o n s , and c o n s t a n t s 
can be ass igned d e f i n i t e numbers. Therefore, a l l symbols and numbers 
a s s i g n e d in t h i s report w i l l be considered a s o f f i c i a l r e f erence In 
the f u t u r e . 

The types of equat ions requiring s o l u t i o n i n the a na l y zer are 
c l a s s i f i e d as f o l l o w s : 

1 . Basic equat ions of motion 1 - 6 

2 . Equations r e l a t i n g wind, body, and e a r t h a x i s 7 - 1 5 

3 . Auxi l iary equat ions of motion 16 - 21 

4 . Control surface hinge moment equat ions 2 2 - 2 5 

5 . Auxi l iary equat ions or aerodynamic c o e f f i c i e n t 
equations 2 6 - 4 8 

6 . Instrument equat ions 4 9 - 5 6 

7 . Engine equat ions ( for one eng ine) 57 - 79 

8 . Miscel laneous 8 0 - 9 0 

1 , 2 The bas i c equat ions of motion and the equat ions r e l a t i n g wind, 
body, and earth a x i s hare been rewri t ten as i n t e g r a l equat ions Ins tead 
of d i f f e r e n t i a l e q u a t i o n s . See equations 1 - 1 5 and f i g s . 1 , 2 . 
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'b04,. aM earth ash ha.,e bel. rewritte •• 1 lat'P'al equatio •• 1n,\la4 
or 41.tt'rlIlUal lquat10n, . Sel lquati onl 1 - 15 _4 11", I, a. 

- 28 -

... , 
a.por~ Jl..64" 
In1l101lo 1 

_TO~IUIISNS l.ABOlifOIT 
Malae.cbu .. th h,l'tlhh of 'lch.D.olog 

C ... brl~. Nallachu .. t'tl 

J)a'tl of Ini .. cS a.por~ : 
D.t l of Or i«lnel a.por~' 

SubJlcU 

jprU ..t, 19406 
Oc~olNlr 31, 19405 

l'~ 1 of 30 pacel 
'ICW' .. , 1-2-3-4. 

ABCA KquaU on. (a."t.lcS. - Oo t.obu 30, 1~6 
April 4. 1940&) 

Or l C1D.al COPT - J, If • 
.a.u t.bou : L. Bernba~ 

J . BlckMll 
.. bo'tb of WBVt 

fbi , rlpor't l uplr,.d.1 ~bl iatoraa'ion in 
a.por~ 50 a.II4 J.por' 64. cS.a\ad OctoMr 31. 
1!H5. h is . uwb_nt.14 II)' a.porh 16, 
18. 49. 58, 62, and J,..98 . 

h is 'tb. obJ.ct. of \.b.h rtlport. '0 1Ac1~1 UD4lr onl conr all 
t. be ',-boll an4 lquaHoG . t.o btl incorpor-.,t.14 1.0.. U .. analYllr. aA4 to 
ulor i .... U .. prOCl"'II of I quation 4ndop_Dt. t.o uta. Procrlll ba .• 
carrl . d lbl .t.~ t.o , point whlre .qua\iODI, fuao~ lonl, &D4 oon'\an\ . 
OIA bl ... lp.14 41finlu IltUIblr l . 'MretOrl. all .)'IIboll lUWS II1UIberl 
... lcnM U ~bh rtl port. will btl conald.r.cS .1 off1otal ,..flf'l OJ;W In 
\hI f1l\ure . 

'he t.~1 ot I qlI&UO.D. rellU1riD« l olDUo a In 'be &nal,"r arl 
olal .1Z1ld .1 followl : 

1 - , 

7 .. 15 

16 - 21. 

22-25 

5 . Ausjl1arT Iqua'ionl or .. r~c ooeffio llet. 
IquaUO.D' 36 .. 4 8 

•• .. 
80 - 00 

1. 2: fbi bulo IC[IIAUonl of .aUoo Iud. t.iw l quAUOIll relat.1Ac v1.a.d. . 
1104,. aDd. lart.b 1111 he •• ""'I. re wr iUI. al In'.p'al lquaUO.1 lnlt.eacS 
or 4Ltr.nllUal 1qv,a'iOELS. S .. lquaU onl 1 - us U4 11,1. I, 2. 

http://Si.HVOHi.CHAH


6345 
Report h-64, 
Revision 1 

BSSTRIOTSD 

- 2 -

Several of the circuits require special consideration to de­
termine when they Bust or must not be included in the general solution, 
or held in or out for a speolfied tine. The special cases of take-cff 
and stall are examples of unusual computing procedures. Reports de­
scribing the operations desired will he Issued in the future. 

3. The only change Bade to the auxiliary equations of not ion 
describing the linear accelerations along wind axes is the addition of 
the take-off terms. It must be noted, however, that equation 17 describ­
ing the acceleration along O ^ has no component of engine thrust Included. 
The thrust component, which acts along the OX body axis is computed from 
the engine data and fed into the basic equation of motion describing the 
linear acceleration along OX. 

The auxiliary equations of motion describing the angular 
acoelerat ions, numbers 19, 20, 21, about body axes have had some terms 
added. Seduction of moments due to deflections of the airplane structure 
under load have been included. These reductions have been taken as 
functions of the horizontal tall, vertical tail, and aileron loads. 
Since rolling moments produced by the ailerons are already computed in 
equation 31, an expression is included In this equation to reduce the 
net aileron moment produced. The pitching and yawing moments reductions, 
however, cannot be handled as simply. It will be necessary to oompute 
the moment coefficients produced by the horizontal and vertical tail, 
equations 38 and 39, and subtract out some percentage of these in equa­
tions 19 and 20. The percentage reductions will be constant for a given 
airplane. 

The rotary derivatives, or moments produced by a rotation are 
Included in equations 19, 20, 21. These terms require a separate equation 
to determine each derivative. 

The »ngninr momentum of the propellers Is great enough to pro­
duce a measurable pitching or yawing moment when either a yawing or 
pitching velocity occurs. They appear in equations 19 and 20 divided 
by the appropriate moments of inertia. 

Also Included in equations 19, 20, and 21 is provision for a 
center of gravity shift in any direction. All moment data furnished 
from the wind tunnel will be about the wind tunnel balance resolving 
center. This point will correspond to some point on the airplane, which 
will be a reference point. All C. Q. positions will be specified in 
percent of the aerodynamic chord away from the reference point. See 
*ig. 3. 

liquation 20, for the yawing acceleration, has included the 
direct thrust effect due to unsymmetrical engine operation. 

The diagram, Fig. 4, showing the horizontal and vertical dis­
tances of the C. 0., from the point of main wheel contact, describes the 
moment arms which determine the moments due to the ground reaction terms. 
This diagram supercedes the sketch of ground angles in Report 50. 
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S. .. ral of tN c treulh nq1dr1 .p.oial aGul1dereUell t o 40-
"raiu ..m.n thliT .It or .It not 'btl 1noll\d,d 111. "M ceural I Ol1,lUOU, 

or Mld. 1'0 or O\lt tor. 1p801(1-.1. t~. ,. l}I4Io1al ..... of take-ctt 
,11.4 . ' all ~ lZaJIIIll. of uu~l cOIlp\1t1n~ pro.edv... Lporte d ... 
l ornlo,c tbe operation. 4 .. 1red 11'111 be 1 .. ue4 ill tbe fn\llH. 

3 . fbi onlT obaDee .. lie to tbe auxll1.r1 lqu.aUono '1f .,UOII. 
d" orlblne: tu Unear aocole r ,tioDI alon,c vln4 &De 11 tbl addition of 
tblt taD-ott tor... h .u.,,, 'be noted, h • .,."'or, tbat .~tioD. 17 d. •• er1t~ .. 
1Dc tho acod,raUot!. alOIlg 0' ha. no cOlllponlut of IlIClne tobru,t inolw1od. . 
'l'bo thrta' o.!llpoun.t, villeb aoh al0n« Uw OJ. bod.:" &Xi. 11 cOMputod Iroe 
the .~ln. data &.lid. tod into tt. b •• ic l qu.aUOII of _HOD d"crib1", tbl 
linoar aOOllorat10n aloDC OX. 

~ auxl Ilar7 equation. of _t1on 4 •• crlblQC th. aArUlar 
-.ecoar.thnl, aWlbtlro 19, 20. 21, about "04.1 lUI. ~ .. bad 1._ hUll 
144,4. a.d.ucUoc of __ lit. 4_ t o «..nICUOIlI or Uw .irplAM Itruct~ 
Wld.e r l oad han .'0 iaelu..d. !b. .. redw::t1oDI baft .'D \&te •• 1 
' IlQC H ODI of 'be borho.~ tail, "rHea! t.11, aa4 at l.r on loa,d.,. 
SiDel roll 1.ac __ at, pr04~ld bT the ,nlrODI are elrle4)' 001lpll"d. 1.n 
l~uat l oD 31 , all I xprl " l on 1, iDCl~ld. I n t h l1 I~Qat loa to re4uo1 the 
alt ,Ulroo 80IMnt p roducl d . !be phoh1~ I.G4 ,.wb& __ .te "d.\letio." 
how"lr , OllAllOt bl haD411d. ' I 1i1lP17 . h w111 be DlCI'aart to OO..,utl 
tbe lIO_at e Oi tUcll11tl produced by t he horhontal aDd. "rUc.1 t.U, 
't""t l 01l1 38 and. 39. Il'Id .ub trac.t out ,0_ p.rclot.ac- of thl" 1A Iq"""" 
HODI 19 aDd 20. fhe percenta&'ll red.'QCtionl will • eoutant tor. ,h,n 
"lr p1.DI . 

!'he rotar, dlr1fttl"II, 
Inol udld. 1Q I quatlonl 1'. 20. 31. 
t o de tlraiae Ilob dlrl"at1".. 

or _BlDtl producl d b, • ret.tion are 
n. .. "ril:l require • lepar.tl Iq"..tlon 

'l'hl aJ:ICUl.a.r _BlD-tUII ot tbe propellerl 11 ,re.t lnoU«,h t o pro­
duel .... nrabll pUoh1nc or )'awln« ., .. o.t when lither a )"wlo& or 
p i tohl ng .Iloclt, OCCtlrl. !'beT appear ID I quaUonl Ii .nd. 20 dhlditd. 
by t he . ppr oprl.tl 8O_0t l ot ID1rt1,. 

Llio 10clucled 10 IqUltl oOI 19, 20 . and 21 h pro'l"1I10n lor. 
Cl o t lr 01 cr.dt, abUt 10 'D,)' dirlction. All __ at datI' fUrDlIhed 
tro. t be wlDd t~l wl11 be lbout t hl wlAd. ttanll balancl 1"I IOh'lJI, 
Cl n t lr . Thh poiot w111 c orrelpond to 10_ polot OR t hl .1 r planoe , wbloh 
will be • rltlrencl pobt. All C. a. pol1t1olll will be lpeclllld 11!. 
per clnt ot thl .1~lc ohord ...... )' tre. thl retlrenel POUlt. Se, 
11~ . 3. 

:Equation 20, t or thl ,.1w1n.e accllerlt loll, hal 1aolwtl4 thl 
d i r,et t bruI' IttlO' dUI to un.,..:Jllt.rie a l Incbl oper.tioD- . 

The d1ll&r •• , 11,. 4 , ,bowlnc thl horisootal 1114 " Ir, l cal dl .. 
t atlCl' ot tbe C. 0 ., fro. lbl polot of _in wtw,l cootact , c1e~rlt.1 til, 
__ 0 1. ar., wh1ch dl\lr&1_ tbe __ nt, 4uI to tbe croWld r'.ot lol1 t.r •• • 
f lll' d~ IUPl rc,411 thl l ketoh ot ,rou,nd an«l .. ill Report 50. 
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Sotnr.l of "he c1rculh requ" .01&1 001:1.1401'0,,10110 \0 4t­
'.rld .. _1:1. tn.l .,t. or •• t. Il00\ ..,. 1nolwio4 1u tbe ~ .. ral 1I01\1.Uo., 
or be14 h or 0." for a .puttiod. U.. ,. ~oW .ONO of 'aQ-eft 
Nl4 0-.11 II.NO ':laIIFb. of u..ullUal comput.1.n« prooI4v... "POl'" 4 ... 
• crl~lQC \oM operaUorll 4 .. 1ud. w111 be h_.A hi \1Mo tU.tUNI. 

Z. 'bot OU.1 o~ ..",- to \_ &11%11101'1 oqu.at.1oa.. of -oUOIl 
4.~rlblO41 the l1u&r GoUbraUoll1 alone .IOll aal it "bot aMHlon of 
Ulill \-..bt-ott tor... h &ll" be llol4d, boy""ol', the.t .quatloR 11 d.,crib-
1.uc tu !IOoeler.UolI. alollC 0lbao no 00-;000011\ or ure1M 'brul' 1I101u4o4 . 
'!'be thru..t OO..,Odot, wb1c.b ach al0n« Uw OX bo4t axi l h 00l1li'11."-4 fro. 
the 'OCinl 4&'. &Ad. rod into tt. b •• l0 oqu.atloll of .,UOIl 4"01"1'111£11 tiw 
lluAl' &ooeler.Uoll alOtl&; OX. 

t'l. a.,.JllU7 oqu.Uoao of _'loll 4 .. 01'1'1110« the ~la.r 
.co,lAIr.Uo •• , auD.ro 19, 20, :n, about \od.,J ~. ban ~ 10_ 'er.t 
-"404. "'110\100 of _.11" 4II1II to dan,cUeoo of tiw . 1rpt.- "n&C'~ 
~.r 1-..4 haft H •• 1.1IC11l4ed. n.. .. "ducHau. ba" b .... '-ke ••• 
fWICUo •• ot 1M b.oTho.ll;~ tall, "rUcal t.U, u4 aih1'oD 10&4., 
Ju..c. Tolllae __ Dt. produe.d b, thAI .11'1'00' an al"a4¥ eOlllNt.d 10 
.q...,Uoo 31, a.a .q,.. .. loo 11 1zIeh.4.d 10 'bit '"uetl0D to ,..due. t. 
Nt .1hrou _ot pr odtIC.d. n. pllehio« a.d. ,.wiD« _.oh "duelloD •• 
how .. r, CAAIIO' b. b&1I4l.d a. I1l1Pq. It .111 " DlC"NJ'7 to 00." 
Uw ., .. ot coaft1cl.IIo~' prod'GI:.1! b, tlla borhOll.tal &JIll "r~1cal hil, 
."watlOD' 38 tM 39 , alld flIbtr~~ out .0_ ptre.oUce ot Ul' " a .q ..... 
t 1011' 19 au. 20. n. pare.lI\.af>'1 rtdaoUon. will 'ba oouh . .IIt tor. ,h.D 
,,1rpl~. 

The rotar, d.rlTall ••• • 
1Ilo1D4.d lu .quatlon. 19, 30, 21. 
t o dtt.raia ••• elI d.r1.,l l ... 

or _.at. prod,uc.d b, • rot. HOD an 
fbi .. t.rc. "qulr' , "par,t •• q\lat1on 

'fb. ucul.a.r .... nt_ ot tha propell.rt 11 ,,..t .ooU&h t o pro­
duc •• lIt.nrabla pltohlc« or ,.,.lJ1,f; ., .. ut .b.D .l\ber " y •• lnc or 
pltohin« y.locll, oeour., fbi, ,p~ar In .q\latloo. 19 .ad 20 41y14.4 
\, tb •• ppropr l .t. ""lIt. of lD1rtta. 

LltO lDolud.4 a .quatloa. 19. 20, a.a4 21 1. proyl .1011 tor. 
Clot.r of cr.dt7 thitt lD 'OJ' 4.11"OUou. .6.l1 _.at uta t\lrllhha4 
!ro. tt. .104 tv.aDlI .111 ba .bout tlI. .,1.c4 t_l b&l.aDc. ".olTlzIc 
Clllt.r. Tb.1t point .111 eorr.ItpODd to "_ pobt Oil tb •• 1rpt.M, .,blob 
..,111 bt , r tf."DC' ;poiut, JJ.l C. a. po.ilioD. will 'oa .pao1[i.4 111 
ptrUllt of tlla •• ro6.,J'D&ale ohord '_y lro. lh. "I.TlDO' po1D.t . ,.. 
11,. 3. 

IquaUoa 20. lor tot .. Jaw1~ ac:otltratloD, hal boluc1t4 'ht 
4inet lb..ru.l .f(aDl 41lt! to WI~trl0.1 'Qfj:1M oper,t iou. 

n. 4u.cr", n,. 4, .1Iow1.nc tba boJ'houtal aDd. nrtlo.al 41 ... 
tuc. •• ot thl O. 0 •• fro. \h. po1D.t of _1D. wt.t1 OOD,_t •• I01'i"'. th. 
__ lit ara. vb1o.h 4.'-t1'aiDl tha __ Dh 4_ to tblt p'OWId 1'.a.o.tl0, lira •. 
!'hit d~ .lI.pare.4.a. tha .kUcb ot ,round "",140. 1c E.po1't 60 . 
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au.,..l of toN o1J"c1l1h TatU ... . 01-.1 cou14o,.aUoe t o 4e­
'.ral .. wt.1:I U", -.t or .,1. DO \ be lDol11d.M 1a 'hi c-_ral aobU • • , 
or hl14 1. or •• , hr a .01(104 u... . n.. -vMs..! • • MO or \alDt-dt 
.nd. _,.11 .,... 0XUlllb, or Ull~ cOlllJluUOC proo'4u.reo. ",por" , ... 
• or l~lq ,hi 01*,.11'1001 G ... tr" will be 1 ... 414 'be tut.~. 

I . fM 01111 o~ ... 40 to "be 8U1111.r1 l qu&1.loa.1 or _1.10D 
duorl'01D.5 t.n. 11n..:- aocollr.,Uol1l alone wlD4 AUI 11 ,be ad41t.ho ot 
'I» \aJDt-ott loor... h -., lie 1lO~d.. how"'r, that oquatiOn 17 Il"crib­
iDe Ion. &coeler.U. •• alollfi 0\ haa 110 camponA' of uel .. \bz1a. , !MI1I4.Id . 
fbi 'bru., OOIlFOMnt , vtr.1cb acta aloDC \i:w OX bod.1 axl . h oo-vo'. 4 fro. 
tbe ' ac1al 4.&'_ aDd. t,4 1IIh ,~ _ .. 10 l qua\10Jl. of .'h. '''GI'lbll1& ,be 
l~u &ocolor.'loD aloae OX . 

~ a\UU1ar, OqwaU.OOI ot _UOIl 4 .. crlblac tbl IIAC'Ilu 
..co, I.r.'io"I, ou.bero 19, 20. 21 • • 'Bout "od.1 u •• ba.,.. had. 0._ ',r.' 
1144,4. &.4ucUoo a t __ D." el. \ . utllc:U ••• of \bir a lrpu- .tn&c ',," 
1UI4or 10&4 ban 'be •• hel~4. n. .. ",1l.:.Un. ba_ bna ~a a. 
f uac t1 oa, of \lM; Nrho.~ ;all. _ .Uc.l lail. aa4 an.roa lo.d • • 
' l ace r oU Lae _.ate prodQc.d. b, t.~ .U.,oo. aN alroa47 co..,at..4 18 
.qUaUoa 31 , all UP" .. 1a1l 11 1lIel~4 1a thh .~tlC1a ,. n4uol lhlt 
.. , aihroa _., prod.~d . n. phobiac: aAd. '."lDc __ a \l ,..doc,tu •• 
h.w .... ,. . CAUIOt b. b&ad.l.4 a •• illplT. It "tll lit _c.'1Ar1 t. 00." 
\ M ".111 cOIff1cl.at. produ.;:.d b, t.he urhoa'al a.II4 .. rt.!.cal t.U, 
•• ~tl ••• as UI4 39, ..... btract 01lt. ,0_ ptrc'IIU,p .f 'h ••• 1a .qu.­
Ho •• 19 aAd. 20. tbe ~rc •• \.&f;e "4.aoUon. wil l be c.ut_t. fOr. Ch.1l 
. 1rpl ... 

tba rotar, 4.rl ... t1 ... , 
l ao l u4.4 t il .qua,lon. 19. 30. 21 . 
to de"raiD' •• 011 4.rh,\1_. 

Or .o_.t. pr04_d. ), a "\aUoa aN 

!bI .. "1'111' r.qUr. a "pe..ra" 'q,,-' ioa 

fb. &.a&Ul.ar ... MUII ot U .. prOplll.,.. 11 Cr.a' .no\l&h ' 0 pro­
d.uc. a '1"""abll pUohtnc or ,.w1n« .... o.t. wb.o ,Hher ... 1aw1ne or 
phobillA .... loclt., occu , . fbi, ap~ar 1D .~tl.I1' 19 aM. ao d..h1d.14 
b, t.h. appropriate ... o.h of ltIerU •• 

LiIO laolu4.4 14 . quat.loa. 19 , 20, .. d. 2l i . 1'1' . ... 1 . 10. f.r • 
C.l1t.r of cr . ... it., 1Ih1tt. til . Dl' Urtlc;ton. 4.11 ".Ilt ht_ turllhb_ 
fro . tbe wlo4 h.~l will be . bout \he .1M t __ l b..laAc. ,,"ohlDc 
C' at, r . Thll polat ",111 cOrr'IJ)OM t.o to. p.tat .a tb •• irplane . which 
will be • r d .,..oc. point. 111 C. a. puiU.n. ",111 be 'J)I'c1Jled. 111 
Plrc •• ' of the •• ~lc chord ..... , fro. tbe ,..f.nK' polat. s.­
l ie . 3 . 

IqQatlOIl 30 , C.r u.. 7&v1a.e accellr.UO., bao I1MI1 .. , u.. 
4 1r. c t 'bru., .tt.c' 4u. to GA.,aaItr1oa l .act- o~r.'l ••• 

'fbi ~_. IIC' " , u,owU\c tblll borboatal aA4 .... rUcal 41.­
luc •• of ,be O. 0. , fro. lb. paid 01 _ ta ",b.,l coo,....,,' . cI.I-crlb1t U1. 
_.at .,.a, wbJ.ch 4.\4ra1~ 'be _.all 41" to lbe ",crud. r'IW!U •• tlr •• • 
!'h ie dt..u- ''''panl •• '' tho t atel! or &"OQIIIl """1,, La &oport eo. 
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4 . Hinge Moment equations 22, 23, 24 replace the original control 
force equations. One method to handle the control loading Is to solre 
e l ec tr i ca l ly for the hinge moment• at the control surface hinges and 
apply these to a system of mechanical linkages similar to the actual 
airplane linkage. In this manner, frict ion, cable stretch, and Inertia 
e f fec t s of the actual airplane oontrol system can be included physically -
Report 68 covers th i s subject of control loading. 

6 . The auxiliary equations or aerodynamic coeff ic ient equations 
have been altered considerably In order to conform to the proposed point 
by point method of data representation. These are equations 26 — 48 and 
sample curves for a particular airplane representing the various functions 
in the auxiliary equations wi l l be included in a future report. (See R-98.) 

The auxiliary equations to determine the rotary derivatives, 
equations 32 - 37, have been multiplied by a non-dimensional number which 
includes the airplane velocity, thereby reducing by ono the variables on 
which tie rotary derivatives are dependent. Thus, if the roll ing moment 
due to a rol l ing velocity ^ t i s a function of atty&ftV then C^ f P ^ \ 

i» a functlof of «* ,? ,bf ^ C t p i s defined" as QgYiCtX 

Two types of additional functions have been added to the 
auxiliary equations. The f i r s t i s a function of the Mach number (the 
ratio of airplane speed to speed of sound) Included in the l i f t , drag, 
and pitching moment coefficients equations. These functions have been 
considered necessary for a more rigorous solution at the high speeds 
encountered in modern aircraft . Inclusion of a Mach number term may 
be considered as a correction term, and therefore the functions describ­
ing such terms wil l be of limited complexity; i . e . , the function will be 
described only at relat ively low angles of attack. 

To include terms in the auxiliary equations as functions of 
the Mach number, i t i s necessary to continually compute the value of 
the Mach number; I . e . , the velocity V divided by the velocity of sound 
V at the particular altitude in question. The velocity of sound as a 

function of altitude is given in Report 62. 

The second type of functions added hnve been termed manual 
sett ings and can be distinguished by the symbol Mg used to describe 
the constant of each term. On any airplane, the data i n i t i a l l y wil l 
be set according to results of wind tunnel t e s t s . After operation of 
the analyzer, however, i t may be convenient to change some parameters 
at wi l l in order to determine qualitatively the manner in which the 
configuration of the airplane should be changed in order to obtain more 
desirable characterist ics . These parameter changes will be simple slope 
changes or additions and should be readily adjustable, preferably by 
means of dials located on the control engineer's panel. All such ad­
justments wil l be set at sero for the Init ial t e s t s . 

I 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- )0 -

, ... 
a.por~ .a..64, 
le"hloD 1 

-
- 3 _ 

t . H1nc1 Mmlnlt equationl 22, 23. '* rllllaDe tbe orlpnal 00ll.\r01 
torol eqUationl' ODI .. ,hod. 1.0 bandl, "be cootrol 10adl.II& 11 to .011" 
elec\rlcaUl for the Mace ao_nt, .1. the oOlltrol .vtae. h1Dt;l1 a"'-
.. ppl1 ,be .. \0 • 11th' of IIItcharalcal 11ubf: •• ,1a14r lO ,be IlO tual 
drpllrt,nl l1nka1;e. 11\ t bh mallnflr, friction . oatil. .'ntah, and. i.JI.lrU • 
• ttlch of the actUal airplane 00l1tr01 111\1. can N loc1U4-.1 ph,yl1cal17 · 
&epert ~8 001"'" 'hh tll.bJlct of Gonbol loading. 

6 . The au.:dl1&rl Iq,UaUOIU or anod¥nall1c ccatticlu,t equationl 
~,.. blu. d t4N1d cODllderab1, 10. order to confora to tn. prepeled. point 
by poin1- .. 'hocl of uta rlpr ... ntatlon. fbe ....... Illuatlool 36 .. 408 and. 
...-ph cur", tor I parUcllla.r al1J11ani reprIMlDt.1D& t}wl 'farlon. function. 
111 t he llU:llwr 'Q.uation, .. 111 h included. 1a .. future report. (Se • .&..98.) 

1'hI aul11&rl lquaUODI to det'ral. tM rotar), dulY,Uv,e, 
equation. 32 - 37, baT. been -ultlpl1e4 b7 • noD-dl.an.lonal ou.ber wblcb 
laola4" tb. alrplan. T.IOC1t7, tbereb7 re4ucl~ b,onD tbe Tarlabl •• on 
whlcb \~ ro tar7 d..rho.tho •• are d.epend.nt. !bu. , 11 th. roll~ .o.,nt 
du. \0 • rolllne TdOC1\7 'C, h. fuction of ell,',", V th.D Ct,\pb) 
-16 .. f1J,DC\l oi of .,l,b" JPCt h 4.I1I'1. il·· •• (:tV.CI.). " 

p b-\ &op 
fwo 'JPeI ot a4dltloDftl tunctlcn. baT. b •• n added. t o the 

aUX11ltr7 .qUatlon •• fb. flr.t 1. a tunction ot tb. Maoh ouaber (tb. 
ratio at alrplan. lpeed to l pe.d. ot .oWl4) Inclwt.4 io thl Hn, drac, 
and. p1\cbiA« .o_r.t. ooetl101tnh .~Uor... fb-II functioo. haye be.n 
00r.11d..re4 nlc'learl tor. flO"' rl«oroul . olutior. at the biOi .p.ld., 
'!lCoUllter.d 1n fIOd.r ll. aircr-att.. 11101'11.1101'1 ot a Koich IlWlb.r tem M¥ 
bl oond6f1r.d. a ... correction t.r_, and. ' he retore the t1Ulct101l, 4.ecrlb-
1u« .uch hTil' will be ot Hait.tld cOllpl.llt.li 1 ••• , tbe tuncUor. w111 be 
4.ecrlbe4 001, at. r.la~iYlly l ow an&l .. ot attack. 

fo inolud. t.ra, 10 thl a~l1ar, .qua~ioo. a. IWiction. 01 
tbe Macb nuber. 1\ 11 Dleellarl t o cOl'ltinuall, OO!llput. thai "alu. ot 
thl Maoh nu.blr: i •••• tb. T.loclty , 41T14.d by t he T.IOC1t1 ot .ound 
, at tbe parUculaJ" aUUud. 10 qu •• U oo. fbi ,,'loc1t1 ot . 0W14 a' • • luaotlon ot altltud. i. ,iT.n 10 Report 62 . 

!'hi IIcond t.)'pI ot tunctloo., add.d. b..o\'fI beer. 'er_d M.Dual 
IIttiQC' and. oan be dl.t.tncu1Ib14 b, t.he .,abol Mz Ulld. to d. • • crlbe 
th. eOA. tant 01 'ao.b tlra. On aJi¥ airplane, tbe data 101t1&111 will 
be .. , acoor41q to retulh ot wlad tllJll1el h.,.. Ut.r opereUoA of 
,be IlIIUn.r, how.T.r , 1t ...., 'De convln.S' nt t o e.hADce .0_ par ..... t.r. 
at vi ll 10 order to det.rato. qualltat.iv.l, t.b. mann.r 10 which tb. 
cont1caraUon ot tb. airplaD. "ould. be c~d. 1D on1er h ohtdo IIOr. 
d .. trabll ob&l'aet.rllt.ic.. !be. parlU8t'r c~. will b •• bpll elope 
~. or aMUlon . aDd lhoul4 be rea4111 ad.Jultable, p"terebl, b, 
__ I ot d.Lal. locahd on t.b. cootrol '1\&1n • .,'. panel. .ill I\lCb ad­
Jll.'_ah rill be .t a' .. ro fort'll. 1Ir.l\1al h.t •• 
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t . HLncI ._11\ lquaU "JlI 22 , 23, '* replan "be orlctnAl 00l:l\r01 
torol 141.11&,,1011.1. ODe .. "bod \0 bandl, tha cOe trol 10-.4.111« 11 \0 .oh'. 
llect.T1calll f or the hlJ1C8 ~_D'" at. Ule 001l\r01 lurtaol h1lll'" ~ 
119Pl)' tbe .. to • ~ltI. of .. cbaDlcal 11~. , taUar to , he &CIt.U&l 
drplftol 11~. In "hit _llnIIr, tr l ctiol!., cabt. It.ret.oh, and lurti, 
.trlch of t. he ac tual airplane 0011"r01 "Iua can M lacltl4-.1 ph,yl1call¥ . 
&tpert D8 cover. "hh IllbJICt. of conh ol loading. 

6. The lu.:dl1u, IQ.Uation. or anod¥nala1o c~tfllll..,.t lquaU 01l1 
he"l bun &l t4Hd. condd'tabl, 10. orbr to confora to "hi pr apo.ed polnt. 
by polllt .. "hod or uta repr .. entIl.Uon. '!'be ........ Iquatl ol11 36 .. 408 ",lid. 
&&JIPh eu.ne . fOT .. parU(l~ar airplanl repn M Dt.1D,C t bl 'fatl01l1 funcU ont 
111 t hl au.dlwr equation, .. Ul h loclud'4 1a .. fu. ture r eport . (S .. .B,...9B.) 

the 11I.zil1&r), equati on. t.o ct. taral_ "hi rotary dul".Uv,., 
IquaUOIU 32 - 37, t.. ... been .w.UpUI4 b,. • Doa-d.1 .. nl1onal nWlller wh1cb 
111C11RA.I tbl 11rp~ ••• loc1t,. , t be r .b,. r.4uclnl b,. ODD 'b. "arlabl' l OR 
..m1c.h tlv rotar,. d..rhl~h'l are d.epelld.nt. !bu •• 11" tbl r oll1D« .., .. nt 
dIM \0 • rollla.c .. l ocH,. 'C, 11 I luotion 01 ell,',"," tb.n Ct,(pb) 

-,. /II IQIlI:'l W 01 . ,l ,b" 11"Ct h d.fin.ef a . (~V~I.) , " 
p a-\ ftp 

t-wo ')'pl' ot &441Uotllll tWICUonl han been &44ad t o Uw 
auxili&T)' 'qUat ion •• fhl! Iil'1t 11 .. tuncUOll. 01 tb. Ma.oh nuaber (t}w 
ra'10 at airplanl , peed t o ' p .. d of lOUD.d.) 1Acludt4 10 the lin. drac. I 
and pltCbiA& 1IQ. 0 t oOlttlc1.oh I<lUf\.Uon.. ft. .. funoti onl ha .. been 
CDn114.re4 Dlc" lar7 tor a 1IQt'e rl«or oul . olution a t the biOI 'P • • d. 
'l).(IoWl ',red in ..,41rl1 aircraft. Ine l ue l oD ot ,. MP.cb nwlber ten:! III\T 
b. Don , Ulr .d I' " correotioD '.ra, &tid , b. r.tor. ,he fUDctloo, d.lCrlb­
In<< .ueb '.nl vill be ot Ua1\ti4 cOllplui' ,: 1 ••• , t hl fWIDU on vl11 'be 
d"arthed OD-I, at Tlut1 .. 1)' l ow ancl .. of attlok . 

to 1Dolud. '.ra. 1n the a~l1ar, .qttA~lonl II f uotlone ot 
tbe Mach DUMber. it 11 MClllar,. to cOIIU n\l.ll.117 COlIPut. tbao .. .lu. of 
thl Maoh Illlablr; 1 •••• 'b . .. flocH, , dh1d. d b)' t h .. 'ftl ocH)' at .ound. 
, a' ' hi ,.rtlcular Iltltud. ill qu'IUon. f bi ... locl'7 of . 0W14 II • • 
tuao 'ion of al'I'~. I I ,1 ... lI. in 2eport 62 . 

fb. .. COM ' )'pi at 1\mctlOll.l adbd. hA .. blln 'treed llCLllual 
.. ,,10&1 &tid. OIA be dhtlR&U1,'-d b, , to. . ,abol N:z: uII4 to 4 .. orl'be 
'h. oOIl" an' ot 'ach \tir.. Oll. IJl¥ airplane, ' hi data lIIhlall, wi ll 
'be .. , aooor4.1Ac to re.ul, . ot v10d ' UAlltl , • • ,. . U'.r opera'ioll of 
\.be aJIAlJ"l.'r, bow'l'.r , 1\ ..,. 111 0 011 ... 11.1'11' ' 0 c.banp 1 0 .. par .... '.r • 
• , vl11 In or&tr '0 d1 t.raioe quall,.tl".l,. th. mann.r 111 whlch lh. 
contlcarltioD ot the ,1rpI.D. lboul4 be cbe.n«e4 In or4., &D obtd ll 110,. 
d .. Uablt charac:,.,.lItlc l . 'fbi. ~"r ~a wi ll ba .laph elope 
~. or &Ml11oll. , aDd. lboul4 be r .. 4111 a4.JtI .'.ble , pnt.,.b1l b7 
_&II ' of 4W. l ocahd 011 ' b. cootrol '1\&Il1l1r'. panel. 4l.l ncb ad-
J • • '.D" wiU be lit It IIro lor ' h. ilIiUal te.t •• 

- )0 -
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t. H.ln.ce ._0\ e quationl 22 , 23, :M rlplacl "be orlpnal 00l1\r01 
tor" IqUat-l011l. ODI .. t.hod. 1.0 bandJ.. t.he oOc t. rol 10ad111« 11 loo loLT. 
et.o h·lc-.lll tor t.he hiqe MJIIIIOt., at. U", 00l\ \ r01 IW'taol h1a&'e1 atI4 
IIJIpl ), U~ .. to • ."ua ot .. cbaD.lclll 11~. 11a11ar \0 , he aot,\VJ. 
drplftll' 11~. Ie "bit _llnIIr. trlctiorl, oabt. It.nt.oh, and butt .• 
• t ( I OU of t.he aotual airplane 0011\ r01 1111.,. can ~ laclll4ed. ph,yl1oall¥ . 
B.port 58 coyer. "ht. lubJlct of cont rol loading. 

6 . The IWtll1.ar, 1q.U.U OI'II or "rod,)'nall1o cOtIttlolll'l t eQ.uat ion. 
he. •• bUD d t4rtd COllddlrabl, 10. orbr t o conlor. to U". propolad point 
by polnt. .. "hocl. ot data r'pr .. entation. '1'11 ... ..,.. IquatloDi 36 .. '8 and. 
-....ph o\,I,n, . tor .. parUou..r airplane rtpr .. ent.l.D,C t be 'faTl01l1 function. 
1..a t bl ,udlwl eQ.uation, .. Ul be included. b • future report . (Se • .B,...98. ) 

'1'he aul11&ry equation. '0 4.11.1,,111_ U .. rot&l')' dulY,U",., 
.quatlo~1 32 - 31, b&~1 b •• o -alt lpl1e4 1:0, • Doa-dl .. nllonal ouablr wbleb 
lDOl'Qd. .. tbl alrplazl.l "locH" t.benll1 rl4uc~ 'II,. ono tbl "uia'lll.1 OD 
which t ?ll rot.ar1 dlrhathl' u. d.e~nd.nt. !hili, I.! tllt; ro1l1..ll« ao .. nt 
dIM \0 a roll1.ac .. loc1\1 'C, h a funoUOD of 4,' ,", V tbu Ct,(pb) 
-l ." ro.tw:"~ N' of _ ,'SIb" i/P Ct 11 d.IUMG"' .. (~¥t.Ct). V 

P b l\ 6p 
f"., t)'pel ot a4dl UODal f uncUoni ban b .. o added to tbe 

aud11ar)' I quatloD'. 'be flrlt h a fUOC\!OA ot tbe Ma.clh oUlitler ("bti 
ratSo at a.lrplane Ip .. d to l pa'd. of IOWld) 1.Dch4 .. 4 in the 11:'1. , drac, I 
-.lid p Beb11l& _lIInt oOltflclioh I~Uonl. 1'b.e1l funot1 o~1 ban buo 
CIUle1 d.I"'d. Ilec:e .. ar,. tor a .ore rl«or olll , olution a t thl bit> 'Pl ed., 
' !KIOWl tl r ld. 111 IIOdero alrerat\. lnoluloD ot a Mr\ob n~r tin IiAJ 
b. oondhrld. at " correotloD hr_, afId t blrefore the f\U1ctlolll deterll>-
1q nch \arlll wl11 be ot l1.a1t1d. 0.01lp1u.1tl; 1 ••• , U .. t\UlC\\on w111 lie 
d.lecribed oall a t r,t...~1 .. 1y low ILJI.ClIl ot aUaolt: . 

To 1Aolucll \.r.1 10 tb, aurlU,ur IqtlAHoD' al t \\DoUon, ot 
tbli Mach ouaber. it 11 Dlc' "arY to cont1 nualll COJIIP\lt. Uti ".lUI of 
~b.e Maob oua'ber; 1 •••• the "lloc1t1 , 4.1,,\414 b1 t h •• lloclt1 of lound 
, at tM PlrUcular .l\1\udl ill quel\ lon. " ... loch1 of 10W14 '1 _ • fUAO t 10n of al'ltudl 1, ,1 •• D l~ B.port 62 . 

fb.e lIooAd t )'pe of funcHoDi a d4.ed hAve blln \er .. 4 -.ntl.lt..l 
IIniDl' &nd. 0" tt. d.1I\1IICQ,1,l»d bl tM .,..:001 M:r. Ulld \0 dllorlbe 
t b, oon. tut of 'ach ~r.. 011 all¥ a1rp4nl. U.. c&.h iIIhl.ally will 
be lit aooord.lllc tCl re.ulta of wlDd tUAIIIl tl.t. . J.t t lr operatioD r:d 
U. aul"'r, bootal'ar . 1\ ...,. be OOD"ID.1'I11. t o dl&n&e 10M paraaet.r • 
• , will 111 orlMr " 0 4a tuaiu qua.lUa l.hlly tbl llannlr ill which th. 
oont'lpr.t l oD of tbl alrplul 1hou.l4 be ~d. Ut or4.r h ob ta.S 11 lIOn 
d. .. tr.bl. cbart.e:tlrllUc.. !be. para-\n Gbangaa wUl bl .1JIp1e d ope 
cha..a.p. or aM1Uo~ . aDd 1hou14 be rea4il)' ad.J1utabll, preftr.blJ b7 
_aD ' of 41al. 1o~\e4 o~ tbl cOIl'rol ' nclaau l • panel . m . ueb ad.­
J".'MI1t.e wiU be "" _, .. ro tor 'b. 1IliUal "I' • . 
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The control engineer acts In the capacity of the f l ight engi­
neer of the airplane. He creates f l ight problems, and handles those 
natters for which automatic equipment has not been included. The lat ter 
would be cowl flap settings and engine head temperatures, bonb doors, e t c . 

The following l i s t of controls at the control engineer's desk: 
i s an indication of the type of control; a complete l i s t wi l l be given 
in future reports. 

1 . Change of mass 
2 . Change of h o r i z o n t a l C.Q. 
3 . Change of v e r t i c a l C O . 
4 . Change of l a t e r a l C.Q. 
5 . Change of nonent of i n e r t i a about ox a x i a ( I x ) 
6 . Change of nonent of i n e r t i a about oy a x i a ( I y ) 
7 . Change of moment of i n e r t i a about oT a x i s ( I g ) 
8 . Change of outboard port engine power Inc luding engine f a i l u r e 
9 . Change of inboard port engine power Inc luding engine f a i l u r e 

1 0 . Change of inboard starboard engine power inc luding engine f a i l u r e 
1 1 . Change of outboard starboard engine power inc luding engine f a i l u r e 
12. Provision for gusty air 
1 3 . Change of ground f r i c t i o n ' c o e f f i c i e n t ' •"*"' 

Certain of the above manual adjustments w i l l e n t a i l automatic 
changes i n other parameters . Thus, severa l new equat ions are r e q u i r e d . 
They i n v o l v e : 

1 . Changes in moments of i n e r t i a when mass i s changed 
2 . Changes in noments of I n e r t i a s when C.ii. I s changed 
3 . Change of thrust component with feathered propeller 

These wi l l be considered in detrl l In a future report. 

Included in the aerodynamic effects which determine the re ­
sultant notion of the airplane are the s ta l l phenomena. To continuously 
simulate the notion in the s t a l l i s too highly involved for the end re­
sult achieved. It has been decided, therefore, that the effect desired 
in the analyser i s to l e t the pi lot be aware that the airplane i s s ta l ­
l ing , give hln some means of control during the s ta l led period, and have 
the airplane energe fron the s t a l l at some angle of attack and l i f t co­
eff ic ient below the s t a l l . 

Sons s t a l l warning such as buffeting of the eontrols should 
appear before the s t a l l i s reached. 

It i s propossd to achieve this s t a l l as follows: 

1. A function of 6F , "T"c wi l l determine the s ta l l angle of attack. 

Stal l occurs wbrn o ( c oi . , , 
s t a l l . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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f~ control '~l~,r act, 1D Lb. capacity of th' fI lch' . nr1-

~'r ot t he a1rpla.!!... He cu ... t .. tltcht probl.Jlt, -.ad hAndlet tbo .. 
_"'r, for which .u\o .... Uc aquiplleDt ha, ~t baen lDClud,d.. 1'be latter 
YOul4 be cowl flap .. "lnr' .o.d eo.Cinl Mad. ".ratv.r" , baab door" a \ c:. 

fN fo11owl.111 liet of oootr01l a\ t N control ' 11,&1"," ,,-,k 
11 an 1041c.\100. of the t)'pl of oOALrol i a oo-.ple\. Us\ w111 ba Cbao 
1.JI. fu \ UZ'I r,por" . 

1. 0 ..... 0' ... 
2. C ..... 0' horleont.l C. C. ,. C ...... 0' ..rHeal C. C. 

•• 0 ..... 0' l a t aral C.O. 

•• C ..... 0' .a" At of lA'rUa abouL OJ: uil ( I x ) 
6. 0 ..... ot .., .. nt of loarHa .bou\ 07 ula (17) 
7 . ' ..... ot .o_D t of 1.D'rt1A about 0. axb (I.) 

•• Ob .... ot outboard. po rt ' 11«1o.a po_r lDOlud1D& e1IC1D' fallur. 
9 . 0 ..... ot l.IIboar4 por t ' nri.u powar 1o.clw!l11« 'nriu fallva 

10. C ..... 0' bboard. ' t arboard. ..s,iM pov.r 1uclud.lnc 'octo. falllLNl 
H. e ..... 0' outboM'd ,tarboard ' UC1M p_ r lDolud.l~ '.III1M failure 

'2. Pro",ldoll f or l'O,t7 a ir 
l3. Chance of croUlwf frlcL1oD- ·c"fflc ieo.~ · 

_., 

Cer t.ln of t he , bo", 
o~. 10. othar paramet,re . 
th,y lA"ol"e: 

-anual a4Ju.t .. nt , vl11 ,nt.ll .11\0 .. \1c 
!h1I" .... ral u,. equaH,n, are Te'I'Q1rId. 

1. C~, in IIO_U\s of l _rtl .. lIbu . .... 11 chaJtc'l t 
2. C~, 1.u IIO_Utl of lo'r t ta' ruD C.C. 11 o~d 
a. CbMp of tbrult cOllpOaell.t with re.tbllred propeller 

Iuclu4' d 10 t he .. r~c errae.h wh1eh detera1u. the "­
n.Hant IIOt100. of the alrplau ara the ,WI pMno_lI&. !, 001lt.111'OoO., l7 
e1.u..\a L~ IIOHon 1D the , t.ll h tao bl&blr la"obad for tbe a o.4 re­
nlt achia"ad. It hal 'Mea d.o14ed, tberefore, tbe.t tbe effect da,t.r, 4 
ill tbe ualyllr 11 to le t t he pilot 'M aware that the a1.rplau 11 ,'al­
It.c. , be bl. , oa _all' of control durlq ,he eWle4 pe riod. aDd. ha .. 
L~ alrplaMo aarC" fro. t he ,\all a\ 10_ a.och f4 attack ant 11ft o~ 
at t1c1lnt belov tbe .\all. 

So_ .Lall WoraiDc .neh .. buffaUac at ,he oentrale eh.o.l4 
&PP'IU" lIataN tbe .... 11 11 TeacMd. 

1\ 11 prap9 .. 4 to aehl .. , 'IU , "all a. folIo ... ' 

1. j, t'IUIot1on of 6F, T~ w111 4etanb.. ,~ , tall aacl' ef ."aclt . 

".11 ocour, vtJ,o. lICe -,'.11. 

- Jl -
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fbi contro l ,oci M lr act. 1D th, capac U y of tb. f lip '- I ll,&t­
our of UII alrpWII. S. or''',\'' fl1&ht problem" aA4 hAMl .. Lbo .. 
_LUrl tor which a'U\o ... Uo I quip.eot ha l ~\ 'Hln l aclwll d. . 1'be lane,. 
wov.ld. btl cowl flap .. ,,\IDCI .ad "DCa. be.,d. "Iliper atv.r .. , boab dOGrl, I t O . 

fha '0110,.,1111 111\ of oOD\ r Oh a t Ln. control ,,,,,in,.rt. 4Ink 
11 UI 1Iullca1.1on of the tyPe of oedrol ; a coJlplltl 11 ,\ will b, Chin 
1A f'Q\~ njlorh . 

1. 
2. ,. 
<. 

•• 6. 
1 . 
a. 
o. 

10 . 
11 . 
12. 
13. 

Ohance of 
C~ of 
Cb.a.D«. of 
CbatI.p of 
C~ of 
C~ of 
O~ of 
Cha.D«I of 
C~ of 
Cba.qe of 
C~o( 

Pro'l'h toD 
ChaJ:l.cl of 

_ .. 
horhonta! C.C . 
urtical C. C. 
lateral C,O, 
.0" 0 \ of l nlrt!_ about ox ast_ ( I .> 
.o_ n\ or l urU. ,bOD\ 07 ash (IT) 
JIO_o t of lalrt1A about OK axis (I.) 
ol1 tboar4 port 'D«1DI po_r IDGlud1D& 10,;111.1 I.nun 
1.Dboar4 port '!Il:1u po_r 1nob41q; 'I:\Clu taU",. 
a board. . Larboard. l q;lM povlr IDClu4 1nc 'OClao. tail ...... 
o1l\bolU'd. " arbou 4 ' DC1_ Jlowr 1uol'G41Q!!: ' ncl_ ta11un 
f or lUl l , air 
II round' t rl c l1czi "CMtt1c i.u'"· 

C.r ta 1.110 ot t he " bOT' 
e~. 111. otb'r par"-' . r , . 
The y 1.n'folT' : 

-.DUAl dJlI..t." t. vlll ... ,.U aa'o.Ue 
'!ba. , .... r.l a." 'q1latliD' art ,..qaJ..r.4. 

1. C~. ill .oMah of l MrU. vb.D .11 11 c~4 
2. ChaJI.p . 1a .o_Ah ot iII'rl1&. when C.G. 11 0~4 
3 . C~ of thrU" COCPODll Dt w1th C.,thlred pr opellir 

Iadu.d 1.D l he .. ro~c .tt.e,h "b1ch d".ra1a- ,be re­
.1ll.llLOl IIOl1oa of ,tI. drplall. an \hi .tall pbeao_aa. t. o.DUalloladJ' 
o1.u.l. t bl .oUOD h 'bill .\aU 11 '.0 bJ.PlT 1&-",1'1'.4 t.r ,bit . 11.4 ~ 
nJ.l acb.1 ... 4. h hal _.n 4.01Ih4, ,h. ret're, 'bat ' ho .tt.c, 4.011'. 4 
1a th. u.alyllr 1. '0 li t t ho pUot 110 avan ,bat t h. airplau h o\al­
U n.c , Chi hI •• 0 __ .... . f COlltr.1 411.l'1n.c 'hi . tal104 po rl04 . aDd. haT' 
tbl airpl.aAa ' .. r", fro. th •• ,all ,t 10_ a.ach f4 .. ttack aA4 I1f' .~ 
, H ioh,,' 'Hlo" tbo Itall. 

So •• tall w.l'lliDC I1lCb .. 1nItf.U~ of tho oOll'roi. ah0lll4 
a,ppolU" N flN , be .... 11 11 "acbe4. 

It 11 prq.ld '0 .ohin. 'Ill •• tall a. toUo ... ' 

1. j, t'a.ttoUoa ot 6F, T~ w111 ,-tenia. 'bi . tall a.acl' .f aUaclt . 

• ,.11 OC01l.l' •• boa III(c 01,'.11 . 
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'1'_ cOIl1.rol 'OCIIl" " ~'" 1Jr. th, C~cUy of tb. [Up" 'DoIt ­
nu,. of ' hi alrpWI . S. o,.. .. ~ .. tli«h" probl,.,." .ad. b.Ad.I.. 1 Lbo. 
_nlre for which &'111.011$1.10 aquip.enL ba. DO' HIli. l acludld.. fbe laU.e,. 
wal4 be 00. 1 flap .. Ul"" ••• 4 I cCiM M-.4 L'lIperatv.r .. , boa" doo r l, "0. 

Tn. to11ow1n« 1111. of oooLroh at. " lui control .0«1"." Milt 
11 UI 1fI41ca1.1on of tho tyPe of con'Tol; • 001lp11" Ih1. will b, «beD 
111 tutUN rlllor1.,. 

1. ' ..... of 
_ .. 

2 . e ..... 0' hori&on1.al C. O, ,. e ..... 0' ...rUcal C.G. 
<. e ..... 0' t..t.eral C,O, ,. e ..... 0' M _ P.1- of 1II .• r l,l& abou1- O~ Ula (Ix> 
6. e ..... 0' -0 .. 01. of lOlrtla ,bOD1. 07 u:l1 (1,) 
1. ' ..... 0' JIO_at of inertiA Ilion' 0, axh (I.) 
a. e ..... 0' o'QtboiU'4 port 'D«1na po .... ,. lDOlud1D& eDC1ll.a t.lluu 
9. e ..... 0' 1.Dbo,r4 por t 'lI«W pown 1II.ob.dll11 ,,,,1M taU",. 

10 . e ..... 0' La'ooar6 '''arboard. .aCb. povar lDClu41nC 'OClu faJlun 
ll . Cbarrr.t'- of outbolU'4 .Larboard. ' QCu. powr 1nol'G41114 ' ncl- ta11un 
12. Pro .. hloD f or ,;ul":r .1r 
13. ChaD.c' ot &roWloif trl o tlOD' coettlc iu'" -

C'r ta1n ot tb, Rbo~. 
chanp . 10 otb'r plU'a .. u.r,. 
'they 1JI.~01~. : 

-.uv.l adJlI,t_n" wlll ut.U 811'0.'ic 
tbll', , • .,.ral n." '~1I&U'1I1 are "~d. 

1. C~e 1JI. lIO_o.~ e ot 1.r~1e. vb,o. ... h che.Jtc'lt 
2. CbaJl,p l io. __ lib ot lD.'rUa' vb", C.G. h c~4 

3 . CbIuIp of th.nllt CO..,oDlltlt "Uh r.atMred. propel l1r 

1~1~4 1JI. , be ... ro4.Jna.-1c ,tt'e.h vb1eh 4.\.-ra1a- ,he n­
.ul'aIl ' 1IO\1or.. ot \b. airplan. aT. the I,all pheno_lI&. t, oOr..U .. U01l117 
d..u." 'bI IIOUOII. 111 'ba .\aU 11 "0 blchlT la ... ol-.4 to r \l» . 114 ~ 
11111' ~b.1.n4. h bal _,. 4' oU, 4, tblNtore, ' hat 'be ottoct dod.r. ' 
1a 'be aualy'or 1. '0 Ie ' t ho plIo' _ a~ ,bat th. alrplaao 1 •• 'al-
1 ..... , ,h. bl' eOM _ue .t cOlltrol 4v ..... ,be eUlle4 s- rl04, u4 ha~. 
'M .lrplaAe ' Mr", troa t he .tall a\ IlIM UCle or .\tack an4 111' o~ 
att lohl1t bllo" tbe I tall . 

10_ I'all w.n1oc pcb .. bvtt.u.,. ot 'hi ooc\roh ~0IIl4 
.,pptIaT "otor. ,be o~1 11 "aaMd. 

It 11 pr.po .. ' to .ob1 .... 'b.h . tall •• tolloonl 

1. j. !'UoUOI1 ot 6F, T~ ,111 btaras..o \t. etaU a.ncl. ot .ttac.iI: . 

hall ooove..... ace Cl., .. n . 

- Jl -
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2 . At each s t a l l angle, a drop-off in Ĉ  wi l l occur depending on 
the severity of the s t a l l . CL wil l be held constant at i t s 
new value until such a time that a decreases, returning 
i t s e l f to the l i f t curve for normal operation. 

3 . At each s ta l l angle, decrease aileron effectiveness (probably 
sane amount for a l l cases) until recovery Is reached. 

4 . At each s ta l l angle, apply suddenly a Cn and Qa proportional to 
the severity of the s t a l l . These increments are to be applied 
for a definite time Interval and removed. 

During the s t a l l , a l l machinery wil l continually compute the 
motion so that at recovery the airplane wil l be under normal operation. 

Handling the take-off wi l l ba considered in detai l in a future 
report. It Is well to note, however, that several of the equations which 
determine the aerodynamic ooafficiante have ?'c Included as a variable 
and therefore cannot be used for take-off computations because Tc' goes 
to inf in i ty at saro airspeed. 

The proposed method for handling this d i f f i cu l ty Is to add 
data *.?, **se eessti-ins of M&mcl based or, thrmat Mt2 ?s loci*; JUirlajj-iJce-
off. This data wi l l be In dimensional form, and ground reaction effecta 
wil l be included, f i g . 4 supercedes the previous sketch describing the 
ground angles in Heport 50. Certain assumptions made for the take-off 
run simplify the amount of data required. These assumptions are: 

1. Angle of bank i s saro 
2. Angle of yaw equals tero 
3 . Bo side s l ip between wheels and ground 

After take-off, the proximity of the ground affects the aerodyna­
mic reactions, particularly the longitudinal s tab i l i ty . This ef fect la 
Included in equation 29 for CB which has a term added that increases the 
basic longitudinal s tab i l i ty as a function of alt i tude and goes to sero 
when h = b. 

?. Knglne simulation equations wi l l be obtained for four recipro­
cating anginas, for gas turbines with Jets and propellers, for Jet engines 
alone, and for Jet and reciprocating units combined. 

The reciprocating anginas and propeller i s treated aa a uni t . 
From a knowledge of the airplane velocity T, alt i tude h, density at , 
pressure P, and the engine control sett ings, the thrust la computed. TQ 
e t c . , la alao computed to ba supplied to the auxiliary equation functions. 

The number of separate equations to be solved for each r e c i ­
procating engine to obtain the thrust output (for the present torquea 
wil l be neglected) Is 23, 92 equations for four engines. These equations 
are l i s t e d , numbers 57-79 for one angina. Their explanation and synthesis 
into the analyzer wi l l be given in a later report. .Additional equations 
for Jeta and gas turbines w i l l be added at a later date. 

• 
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2. £t each .ta11 aQC1e, a drop-off iD CL will occur depeD4inc on 
the .uerit,. of the .tall. CL will be held OClnetUlt at It. 
Dew ~a1u. untl1 .uch a tl~e that • decrea .... rlturnlns 
aMl! \0 thl 11ft CVTe tClr nor.e.l operation . 

3. A.t each ,tall aIIC1l, deere ... alleron .ft l ct hlne,1 (probfl.bl,. 
.... aiIOUlI.t f or all ca'lIl) nntU rlco~er,. 11 reachld. 

40. .It lach lull aIlCh. appl¥ tuddeDlJ • CD. aA4 C.f. proport iOM.l to 
t he ee~.rit)' of t he . tall . TheM incrulente are to be appUed 
tor. dlnnite U_ intend aDd. relloyed. 

Dur1Ag the ,\al1, all .. chiaer,. will continuall, co~ute the 
-otiOD .0 that at rlco,.lr,. t hl airplane wl1 1 be und.r nor .. l operation. 

lIaD4.lio.« thl taU-ott will be oonddlred 111 det.U 1D. a tuture 
repor t. 1t 11 w ll to 110te. bcI .. ~.r. tbit.' "reral ot the ell_Uon. whi ch 
dete ratat the a.r~c ooefticientl haTe tc inc luded ., a "aria~le 
aDd tberetore C&II.DOt bl u .. d tor take-iOlft cOllpUtaUoD ' ba call .. Tc' pi 
to iat1.u1t,. at '11'0 airlpeed. 

'lbe propoMd _thoel tor h.u4Uq: tbll dlfficult ,. 11 t. aU 
d. t A t.J: ' he e q::.aU ,,", fl ~ ... . ~ ... f' bAlid C~ t.~I; a:::! ,.. l oclt1 ~1,,;b 1 ...k.e­
otf. '!'hill data wl11 'be 111. 41_ :l.l io_l fora. ud P"~ H&otion efhot. 
will be hlclud.4 . l1C'4o .uparce4e, the prnl oue , .. toh d.e.cr1b1111C t t. 
~0un4 anc1e1 1a lepert 60. Cerbb .. IU.IIpUOnl -.4e for tb, take-iOlft 
nm d!lpl1f,. the .-o1l.ll.t of date re quirld. '!'hI ... "uapUonl arl : 

1. Arl«h of b&ak 11 Ino 
2 . 4ach ot 7&w 1,_1. 111'0 
3 . 10 11dl d ip be t"'.n wheel. and. croUD4 

Aiter take-ott, t he pro;w:.laU,. of thl CrolUl4 athct . thl .. rod7aa,.> 
alo r .. ctionl, particularl,. tbl Ion,Uu41l:1&l ''-''Utt,. . !'btl Ithot 11 
1aelu4e4 ill e ,..,..t lol1 29 ror C. vh1c.h hal a t.,.a &44ed that henaM ' the 
b •• l c loncltudlnal Itabl11t,. ,. a t UDCtlon ot a lt itudl ADd ,Oi l to . ero 
whenh-b. 

7. 1 a.c1.n1 Ilnl,Uon lcu-Uon. will 'be o"Lalllld tor tour r.oipr o-
G.'iac IrlC1.ne • • tor ,a ' t~bl~. vitb Joto and pro~lterl . tor Jet enclnel 
alou. &JId tor Je t &.D4 recipr ocaUIl& unit. colllllne4.. 

!he I"Ic1proeat1n&: oDelc" and. prop"Uor 11 tr_ted . 1 • u.n1t.. 
1r o. a Ialowl~ of the a1.rplaftll .. loclt,. ' . aH ltUdo h. 4ndt,. ( • 
p,.. .. un P, &JI4. the IIIC1.ne cOJl,trol " "1q •. tbe thru., 1. cOII))'II.tl4, ' c 
. to •• 11 al. o ooapl."d to 'ba suppl1ed. to tbe ans.ll1ar)' eq,_UolI. tus.oUOD •• 

!bit D~r ot "par,te oquation. to 'be eol,..4 f or o&Ob "01-
proeat1.uc l~lM to obta1a 'he tbna.t OD'JlUt (tor tbtl pn_nt tor~ . 
will ba _Cleoted) 11 23. 92 oquation' tor tov eDelul . 'I'bI .. equa.Uonl 
aro 11lt04, nuaM,.. 57_79 tor Olll eacine. !'bIlr n:p1 __ 'ioo an4 qathll1. 
1IIto thl __ 1,..01' w111 bo ,he. la a latlr repsrt. A4d.1Uollfl.l Oquati OIll 
to r J." &Ad. p i tvblo .. wUl 'be ~d ,t , lator "k • 

• 
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2. At. each n&11 ..,;le, a drop--ott b CL rill occur AepeD41ac on 
lhe e .. erh7 of the e' all. CL rill be held. oonetan' at U .• 
ne", 'falue 1UI,Ul l uch a tlce thal • A.c r ...... r. t urtiUI 
lheU to tbl I 1fl cur'f' t or D.or.l operaUon. 

3 • . U eao h .tall &Dele, 48crea .. an. 1'011 .tt.CU"III1.' (probll.b1, 
.... .-o1l.llt tor all caee ,) Wlt11 r.cnerl 11 rll.cMd. 

". .it .aoh .,.U anile . IIppl¥ rwldlllll, II CD. and C.c. p r oporllollAl to 
tbll .... rh, of t he . tall . Thll .. 1Ger •• D.t. ar. to b. IIppU.d 
tor a d.nD.h. U. inlend ADd reao .. d. 

Du.rlAl ,be " IIU. all ~h1a.rl .. Ul o0I1\1"UAl17 co-.pl,l ' . lbe 
""ion '0 that II' ~Co'f.r7 t h. airplaDe .. 111 be UDd.r aor_l oper.lloo . 

Ila.MllG& Uw l aD-off rill " oondAl r.d 1a «-tan 1A • tv.lW'. 
rlporl. It 11 we ll \0 IlOU, b.owe'f.r. 'boI.' "r-ral of t he IlluaUo" .. b.l eh 
A.Ur. 1AiI the .. rod.Taaa1c ooeff l c1ellu ha'fll tc lacladl4 ., II 'ful.'lIlI 
IIJI4 lblretore CIIIIIIOt 'M a .. 4 for lab-ott COtIpUt IlUOII. . MCIIU" te' pl. 
to lattdtl III .. ro air'Pl.d . 

th. FOpo", _ thod. t or baadl1Dc l bll Uftlcllltl 11 \0 aM 
bb 1.~ °he .q=a"'''1I1 . : 1!I(\ o~r l' beNd e~ t h,ru ; c.:::! .. loe1t ,1 ~4'1 ..lLe­
.tt . ~lt 'ala _i ll bI 1u 41_ 1I.I lou,1 tor., aA4 P'~ re,,,,t1011 .ftech 
_111 .... iIlCl1ud. d.. 'le." llUpe;rc. de . l bl Jlre'fln. IlttUch 4 .. c rl blac lbe 
p-0'IUI4 aqle. 10 "port 50. Cert.iII . " 'D.JIPtloo. -.4. tor lb. taU-<ltf 
I"IIA d~l1t7 ' be ..,tLII' ef Iia'. r e llulrd. the ..... u.apUOII. are : 

1. Ancle ot bank 1. "1'0 
2 . AQcl. of TIl •• ,aal • • • ro 
3. 10 ddt .Up " 'we'lI _blel . a.o.d. p'0W14 

Uhr tab-ott. ' h. pro:daUl 01 ttle lroUDli .rho" l be .. r04111i1o" 
a.l.o r.acUolI •• pjI.l'UaularlT t h. 101111\1,141 l1li1 .h,-,UU,. fb ll .tr . at 11 
lDClu4ed la o~'GIIUaa 29 ror 0a whlc.h hal • \ora ad4. 4. ,bat. bcn .... t.h. 
) •• 10 10nc1l041nal .\.bl1l t T ••• tUDCt 1011 ot a l 'l'ud. aQ 4. ,OlIO \0 • • ro 
.. bab-b. 

7. ~~ . 1nl.,t.UolI OquaUOII •• 111 be 0 .. t.a11\o14 tor tev r.o1pro-
oa'l", .111111." tor ca' \g,-.11\o1. wi\h Jet. and J rop.l l . r" for Jo' IIncl n • • 
alON, l1li4 rar J.\ IIIId r.clprocat1ac \lDU. co.J)lne4. 

!be roc1procat.1ac • .,w. IIJI4 propelllr 10 l,...\od ... UAlt.. 
Troa. ll:aa .. le4co ot ,_ a1rpa. ... locU, '. al\1lUd.. h. d. . a . 1&, ( , 
pr ... ure p. aDd. ,t. o",be cODl rol "U lIIcl . lhe ,hrOllt 111 oo.:pat..d . tc 
.'c., to al oa co~lM lo be IlUppli04 lO l be ~U1.1'7 .q\lllt.1oa ~UOII •• 

!be aUiber of .. par ..... qua'ioDl '0 be ool'f'Od for .ach "01-
procatl.r.c IqiD. to ob'.lD ' h. 'hnul 01l.'JIU\ (tor lbe F .".' t orque 
.111 be _pIIOl04) to 23, 82 .qu.aUo .... for tev • .,1.. . . !be .. eqa&\1oa. 
ar. 110\114, a_bin &7 .. 19 tor OM o~. ~lr o:qll.-llo ... II1II4 QII\b. •• h 
Lillo lbol ~or .111 be ,1 ... 1a • !aUr r.port. J,441tloMl oqG&Uo •• 
for Je' . aJI4 p. 'g,lIbu _ UI be &Mad .l • laler 0..\0 • 

• 
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2. A.t • .oh .",11 U&b, _ draP"'C)ff 111 CJ. rill occur "pn41D.& OD 
tho ""rit, of l~ .'.U. CL rill '01 ~14 aaul-.a\ _, 1" 
II." ,alUI ..... \11 Il'UCh • tl~ tbat • ucre ..... ,..lllnia, 
U .. lf 10 1-hI 11ft cuue f or aar-1 opar.t lall . 

3 • • n ,.oh .1.U aDell, ucru ... aU'roD .ff,alh'a'" (prob.bl, 
... lJIO'IU!.t f or all CIl. .. , ) WItH r'oo"'rl 11 r'MM4. 

• • .At ,ach .,.11 ancb, .ppl¥ rud4nl, • 0 •• ad ~ proporlloDAl to 
l b, "'111'1" of ttl. . \all . Tbf: .. 1II.cre.ou ar, \0 bll app11.d 
t or. 4,nalU U. ialon.l IUId rllIO,,4 . 

Dw-lq 'be , '_11, all -.eh1.G.IT' ",111 oOaUlIUAll)' 001lp'llt, ,be 
-aLloo 10 \ha' ., rlo,flrl t he .. lrp~ .111 '01 aa4lr .ar .. 1 operatl0 • • 

1la.a4.l1QC 'boo 'aU-ott Y1 U be lIoal1d.sr04 1D ulaU 1 •• tu\u.rl 
",por1o. h 1, w U '0 aot.., boo .... '.r . t.~t. "r-ral at t.b, .quUo., " bleb 
d,"_lao 'lwI a.ro4,ru.a1o oOltnol •• " ba,. '0 lDo1wi.4 a. a .. arl_~l1 
... tb • . "toro o .. ao\ " 11. .. 4 for tab-ott 00Ip'llt_1.1011' .... Cell .. 'fa' COO ' 
1.0 laf1altl _" ..... a1ropa. d. 

!be ,,"opo .. ' _th04 tar hu4l1" \ h1l 4J.ttlnU, 11 to aM. 
tat a !.~ OM 'Il" .. H "1I 1 . : .... · ~n· b~ .. 4 (!"'I t hr'l-.1o c.::.! . ,loelt/ lI.o.:41,.k. ­
,tt. 'l'h1l ut, ",111 " 10 ~l1_lI. ' 1aul filII", .... c:rCPUIIII. 1'0..0 \1,0. .fflo'l 
"'ill ... l ..a l\ld.od. 'le. 4 n.psreldl, t. be pr."ln, u.'oh d. .. ern1" tt. 
crtl'lUlli a.r:clti. 1. "poll" 50. '-Mala ' ''UIp\lou -.do for til. '.-.-.t f 
,... . ll1P11t7 'be .-oual ot cia'. r . qUrod.. '!be .. '1n..p\1aao are : 

1. Ancl. ot bank I . " 11'0 
2 . "'11 If Ja" ,,-.1 ... ro 
:So 1 0 ald, Illp bol .... u ",be,h aDd CT1IuDil 

Uhr lakl-ott, 'h' praJ:1aUJ of tbe ,roWld attlol l ttl. " 11'04,_ 
a.1o r.ecUOD" pa.rUeular17 l b, lDn«Uud.lul .,._11U, . fb tl ,ff ' et. is 
laaludld. In ,q'Q&\10D 29 tar 0, wh1eb. bal .. \Ir' aM.d. tha!" bere .... . !,.h. 
\ .. ,Ie 1oncl1a41aal ".'1111J .. .. f~llan ot a l 'lladt aDd ,01, ' 0 • • ra 
whoDb-'. 

7. 1IIc1lll d~UaD .~tlon . ,,111 'be o_~.hla4 f' r fOUl' reolpro-
o,llae lD.&b,o , for ... . ' urll1 .. . vUb JU . aM. prepdllr, . for JI\ ",,,1 11" 
aln •• and. r.r J.t &A4 "alpraaal1ac \1II.U. eoobl .... . 

Yho f'l otprac.l1l1C' ' ac1P. u4 jlropoUor 11 t,...\04 • •• wUt. 
Pro •• lar.a" lodC" ot ,be ,1.rpu.. .... locU)' ' •• .hU~, b, d.u1117 ( , 
Pf'l1I1U"I p. aa4 ,bit ' ac1Al c ... \rol .. U1.Dc., \be ,br'" tI oo.,.hd. t o 
110 •• 11 a1 001lpl'04 to lie S'IUIPlle4. t.a U .. auslU""7 ,qut10D ~Uo ... 

I'M .... 11' or "po.,.l. equa,laot 10 'be 1.01,,4. t.r .lIGb "01-
preca'lr.c .ql .. '0 o"do \h, 'hrlut o.tpt (tor ,be F ' • • ' tuque 
",'111 .... -&leO"') 10 23, i2 .~Uo •• tor tMU' .-el... . . !bo .. 'C(IIatha, 
ar, 11 , t04. aa. ... re ,7 .. 79 for OM ' nciu. !'belli' • .,lNIaUoo a.Q4 .,nth. ,11 
1.'. , .. "'~III' ,,111 )e ,h .. 1. • lal'r ,..por'. W1Uo-.1 .~Ua .. 
tor J'" &114 pi $V01M I " Ul be ad4a'" .. lal. ,. cI.e.\I , 

• 

I 
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No account In the engine equations Is taken for the fact that 
each engine operates at a different V- when a yawing velocity occurs. 

The effect Is to produce a damping moment due to the rate of yaw by de­
creasing the thrust on the engine going forward and Increasing It on the 
engine going rearward. The yawing moment produced results then from a 
yawing velocity , and thus can he handled In the equation for the rotary 
derivative Cn . This method simplifies the engine equations somewhat by 

having each engine operate at the same forward speed-

It Is planned that the engine c ircuits w i l l Include a suitable 

system to simulate engine noise and the accompanying vibrations. 

Tor schematics, function chart and Interconnection of equations 
see 6345 drawings: 

B~30011 
D-30012 
D-30013 
B-30014 
D-30015 
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634' 
ltiport ~, 
a.,.-1Iion 1 

J -. -
.0 account. 1JI the en,:lne .quaHODI h taltell tor to M t.ct that 

tach 'Dlbe opera'" at .. dUr,rlnt ~ when a Taw1n& ".lochJ OClCurl. 

fbe drlot. h t o prod:w:1 a dallp1llc 110_11\ 4uI t o tM rat. of 11. .. b7 ~­
cnadt\& thl ,brUI' 00 ~ Incinl ,obI!> forwv4 and 1nor,.dllC it OD the 
.",;1M coin&: rearward. ~ ),&wiAt lIO_nt ;r....duc.d retult. Ul.1l Iro ... 
l&"iq ,..1001\),. and t hu t can 'btl ba.odled 111 tbe equ.tion tor ' hic roter,. 
dlri,...,1", en' !hi, .. ,hod .t.pllfl •• the IQClne equationt . c __ what hI 

r 
b.. .. 1DC tach 1n«Ur.1 oplra'" at the ... tor"""d epeed. 

It. 1, pl&luled. tbat the ta,;1Dt cueu1h w111 l oclu,1, • tuh,bl, 
'1" '. to , 1=alate 'nelnl nol •• an4 ton. acco~ln« .-1brat1onl. 

J'o r .ohe.Hot, !l,I,DCtlo.Q ohart and 1.nter counlctioll of equation • 
... 6346 u.w1D,1I 

~OOll 
1>-30012 
1>-3001' 
i-30014 
1)...10015 
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I 
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"'port ~, 
a.,.ll1ol1 1 

-. -
.0 account U t he IJI41ne .quaHoo. 11 t.un tOT \~ tact. th.t 

tach laclnl o~r.t •• at a 41ft,rlnt -ID wbln a Jaw1nc ~.loelt1 oocur •• 

'!hI .ttIOt. h t o produ.el • 4a.11p1Ac 110_11\ 4uI to the rat. of llW h,. ~­
cr ... 1A& thl 'brUit 00 ~ lacinl golDc lorWlll'd and 1ncnal1nc it on tbe 
In,lM co1zL&: rearwa.rd. ". 7&wint __ n\ ;r..d.uced ruult, UlID Iroa .. 
1,vinl ,..loo1ty. and. 'hu, can be ba.odJ..d 1n tbe eqWltion tor n .. rotary 
411'1.11.1.1 ell' !hi, .. thod IL.plltll, the IUClne equation. ' c __ what hI , 
haylDC tacb _ncal oplrat.e at the .... forward _peed. 

It. 11 pl.a!ulecl tbat the ea,;1n1 cil'eulh ..,111 include. lu1\abb 
'1" " to ,t.alate IUCinl nol •• and tbe acco~1n« "ibration •• 

1'01' .ohe.HOI , function chart and 1.J!.terccunlc1.ioll of equation, 
... 6345 d,raw1D,1I 

11-00011 
1>-00012 
1>-0001' 
K-30014 
»-10015 
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I 

.... 
"'port ~, 
Enl,loo 1 

J 

.s 

-. -
10 account. 1..Q t il. 111«1111 .quaU0I11 11 UlteJl for t bll fact tbat 

.ach .nelnl opera"e. at • 41ft,rlnt ~ wblJl • ,.w1n& ~.loelt7 occur •• 

fbe . tr.ot. h \ 0 prod.l!.el • dulpbc ".0\ due ' 0 'M rat. of 1'" b:t d..­
Cl""UI& "he t hru, \ 00 ~ 10ciD. go1n&: tOMfN'd. and l.aor .. I1.oc it 00 thl 
login. coin&: rearwa.ri. 'l't. y • ..,l..o. t ... nt ;r..d.ucld. result, Uwn fro. .. 
tavinl .elocitT. aM. "bu. c..n be ba.od.1II4 1t1 the IqWltiOI'l. tor , hi! rotarT 
d.rl.att •• CD' !hi, .. ,hod .t.plltll' the IUCina ,quat i ool l o .. what '111 , 
b.a'flnc each '!l&1D, oplrat, at the .... torllal'd. .pe.d. 

It. 11 pla!uled ,bAt the 'DI;W clreul h '11111 Incluii •• ,u11.ab1e 
".t,. to .UnUata 'nch ... noll. and. "he acCOJJpaDJ'ln« 1'1bratioll.l. 

)'or Mhe.UC" !lUlC,lol1 Qbart aM. 1nt.ercoQl1.cUoll of equation, 
... 6:K5 d.re.w1D«I' 

1-30011 
1>-00012 
1>-0001' 
K-30014 
»-10015 

- )) -
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EQUATIONS OF MOTION 
ANGULAR V E L O C I T I E S ABOUT BODY A X E S 

o 

©^f[t+(¥V]w 

LtMEfVR V E L O C I T I E S A L O N G BODY A X E S 

o 

o 

•+-*-4-6 

I 

VELOCITY RELATIONSHIPS BETWEEN V^mD AND fcO&Y A*ES 

( 7 ) V - yjU^->t TT^-t-'Ur' 

© T A N «K= — 

0 S , N * = - ^ 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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EQUA.TIONS OF M O"'O,,", 
ANGULAR VEt..OCI'TIE.S ABOUT 800'( AXES 

8 AI. ~f(- ~ s;~ e .:..~ +:".~~ 'lj,,-,jJ.t . 
• 

0 ,.,-. r(~"oS6 co~I/>+~> '\5J.J..-rlf).H 
• 

w­
TAN co(-­

)J... 

SI N IS = - ~ 
V 

.... - "'- ..... 6 - J 4 -

6'!45 
"EpO~T 6+, 
",e.'IIl9,ION I 

IImlCDD 
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EQUA.TIONS OF MO"'Oloi 
ANGULAR VELOClilE.S ABOUT 800Y AXES 

ALONG SOC..,.. A'1.ES 

8 AI. ~ t(- 'Ii s;~e :.~ +~~:.. 'lJwj.i.t 
• 

0 ,.,-· stc <r"ose eo.<p+~+~JJ..-r;r).tt 
• 

(2) 

w­
T A N co( - ­

J.L.. 

v­
SIN IS" = - -

V 

~- "' _""'6 

• 

- J.4 -

6~45' 
I\EpOfI,T 6+, 
k£.\lIQION t 

IIIDIODD 
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EQUA.TIONS OF MO'IOW. 
ANGULAR vEI..OCrTIE.5 ABOUT 800'( AXES 

LtNEf'.R v ELOt:::lit E~ ALONG SOOY A~ES 

8 AI. ~ S\?i s;~e :..~ +;.:.,-- 'ljW')it 
• 

0 ,.,-· 5\ ~"os6 eO'I/l+~+'\5.u.-p;r).H 
• 

0) 

w­
TAN co(, - ­

.u... 

v­
SI N IS = - -

V 
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EQUATIONS RELATING BODY AND EARTH AYES 

M O ) 6 = [" (<^cos c p - A S\N cp) d _ H - e 0 

M M Cp = J ( p + \ SIN Cp T A N 6 -* A COS Cp TAN Q ) d i . 

COMPOSITION OF ACCELERATIONS ALONO? BC^V AXES 

( fc) A " — COS<K COStf + - S l N * COS<*- — S\NoC + — + U 

V_y TO. -m TI\ om. TR "Yn. 

- 35 

+-<*-<*& 

© TT\= 4SXN« cos * + 4 w < w * + ^«- (3^ ) c°** 

h-GROUND—*J 
REACTION I 

AUXILIARY EQJJKTIONS OF MOTION 

l— GROUND^-] 

L GROUND J 

«£fFECT OF E.N<*NE THRUST DURING TA*E.-OFF. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

I 

b3~S 
R£,PC»\,. G."'"J 
REo"' \ SION I 

.. mlcm -:J 

- 0-

EQU~T\OHS REL~"'T\NG SO~y AND EP.R"'H ~~E.S 

t e • S. ('t COS q> -4 S I N 'f ) d.t. + e. 

~ 'V = It ('I. SIN q> + k COS q> ) .!. t. 
V 0 COS e to'S e 

G y ' " 14 -::- - ~\N 

"'m "" 

, 

- 35 -

I 

~3'\S 
"e.POR,. '"~, 
RE.'III SION -.-
EQU"TIO,,",S R~L~"\"'u eooy ANti tAnH f.\~E..S 

t 
9 • S. ('I. cos 'f -.It. SIN 'l» d.t. -+ 9 0 

- 35 -

,~,.s 

flE~" G.""J 
Rt.'11 ~10N I 

-0-

EQU"TIOHS "i.L~"\HG eOOy ANt) tAnH "~ES 

t e • S. ( .... cos q> -A:. SIN '1» del + e. 

~ 'Ijr . it ('1. 51" q> + k. cos q> ) d:t. 
\.:::.J 0 case tas e 

_ COMPO<i,,.,OH OF IICC"Le~""\ONS ~O"4c, 8 ('"W ~~s 

, 

- 35 -
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RKSTRICTKU 

REPORT G<K " 9 -
REVISION I 

f—GROUND^-4—STRUCTURAL DEFLECT l O N - ^ 

•[M-M](*)&K^)te)(«W 
1*1 DISTANCE,C.S. TO REF —. j* -PROPELLER •] 

[«. GROUND REACTION J 

U—GROUND*—U 

[* STRUCTURAL DEFLECT10hu|—D\ST*NCE,C.G. TO REF/ -J 

•fe»](fifi|V[V]«)W 
(-•— UNSYMMETRlCKL T H R U S T -

«Wfc)(*WwW»*)&fe)«j) 
h—PROPELLER—4* GROUND *-
1 ' &WMMNG 

•fr£*£] (fl(n) 
[- DISTANCE^. 6. TO REf J 

* EFFECT OF ENOVNE THRUST DURVNC T K ^ t - O f ? 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 36 -

~3"'5 
RE.PORT r..ct-, 
" e.VI "ION I 

- J6 -

,,3 ... 5 
RE.POR'T <'01-, 
r.e.VI'lION I 

BJ:S l C'l'Ul 

- 36 -

~3"5 
REPORT c;.1-, 
F.e-V''lION I 

i£S l CfUJ 

[ 
0 Y , G 7..'] (e) ( I ) + C:~'lII. +c X ",,- b b& 

~OISiA.NCE) c.s. 10 R.E.r.~ 



£ 

- 37 -

RliSTHIOTBJ) 
4 - - < * - 4 6 

631-5 
REPORT (••*, -10-
REAMSlON \ 
HINGE MOMENT E Q U A T I O N S 

vjy H».r 

AUXIL IARY EQUATIONS 

© C L . - f | (« ,SF, t .T ,
c )x f a f8 )+f3(SE)( l + K l x i T ,

c y f + ( ^ T r « 1 x ) 

+ Mi - STALL. TERM 

g) c0«^(«,$o+*4(*)+f7(**,*)+ *»(****) 

LANDING 

i 
-COVOL FLAPS 

hBOMB I 
DOORS"*] 

GEAR H 
M; 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

1;''''5 
~EPo"" c.",".1 -10_ 
RoE.VISION \ 

HINCtE. MOMENT E.~Up.,Tl0l'tS 

AUXILlAR"f EQUp.,"T\ONS 

+ MI - SiA,LL TE.R.M 

I·-----COWL fL""~S ____ · r·I.ANDIMI!o..J 
r GE"f\ 1 
+ '<1 6 D + f, (-<, ""~) + "It 
LaOMa ...J 
iOOORS-l 

- 37 -

, 

- 37 -

m:swcm 

~~1-5 

~EPO"'" .... " -10-
RoE-VISION \ 

HINuE ,.,.. OMEN T E.. ~UP>," 'O "S 

AU,)(I L\ AR"I' EqU"" 'ONS 

I ~ ,-----COWL FL""PS ----, It-'L~~~~1 

- 37 -

~~"'5 
~£POft,. '-... '" -\0-
"LV"'ON \ 
HIN()E. MOMENT E.~U""iIONS 

AU')( I\.\ AR"f EQU Jl>,ilortS 

I------COWL fLM.S----r .... · ,MI)..J 
GE~f\ 1 

+ 1(7 B." f, (0(, "'~) + M< 
L ao,.e ...J 
,DOORS, 



5 . 5 
38 -

, . _ . _ KiiSTRICTliB 4 - 4 - 4 6 
6 3 T 5 
REPORT G»4, - I I -
REV\S>lON I 

@ CF = f j j f , T^J-V K&TC^ K,TC'3+ Kl0X«C^ K ^ i F 

4 f„ (i R) (I 4 K,tTc£+ K 13TC'3) 4 M +̂ M4 3 + M5 S R 

@ < V ~ y « , ^ ^ F J T c i j 4 f l 3 f s [ T ^ - T ^ ] ) + K , 5 T c ' i 

4 K,, S AK+ K to C f i4 K21 C5e+ K££^4- K M Q^ 

COVJL F L f t P S •»] 

4K^L G 4(K^4K 2 E 1 ^B D + J ? l f e Q<,-^^ + f n (K)xcC f 
I mGROUND I 
rEFfECT^H 

4- M Q > 4M 7 oC4M 8 £ E 

4 Ke.7^J B 0 + M , + M | Q « + M n £ R ± STALL T E R M 
I BOMB | 

DOORS 4 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- )8 

&3 .... 5 
REPQR"t c.4\­
,,£\1\ \-ION , ' 

lIlIiS!JI.lC'rIiI!l 

-11-

- ) 8 

&3 ... 5 
REpO R" C04-
"E\I\'!. \ON " 

-11-

~ \( I' ~ A",+ K'l.O Cf • ~ Kt, Cit. -+ 'K z.z.C,~+ K'Z.!C-S" 

I. COWL 'FL APS .1 
+ 1( ... L~ + (K" + I(". I"')BD+ ~ 1.(';;' ""n)-H'11 (.),.( I 

LGR<lUNO . 1 
lef'fEC"'T1 

- ) 8 

&31'5 
REpOR" G.4-, 
"£'J\'!.\ON , 

u:smcw 
-11-

-+ \(" ~ A1't.+ Kl.O eft-t Kl.' Cit. -+ 'l(z.t.C,~+ K't3C-S" 

I COv.lL FL PIPS .1 
+ 1( ... L ... (K" ~ 1(,..,,,, )Bo + ~ ,.(" , ""fi) .. 1" C ,),.( I 

LGR<lUNO . 1 
IEff"EC"--' 



r* 

&3<VS 
REPORT fc^ 

KSSTRIC » 

- ie-

• * - * - ^ f c 

1 ,*Z7.| 

+fw(j*)*(Kt#+Kt,*)Tc'l4 K Q + K31^)TC'Z 

+ U,7 S A R t + M l e + M „ V + M l 4 5R 

© C^ = f t, («, f 0 + K38(TC'+<) + KM, ( j ^ Tc'^ 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 39 -

(i)3"'\-5 
REf"OR,1' 1O"t" _I t._ 
R~'.I\'IO~ 1 If 

@ C.cf"(~IO<) ~F)+[f .. ( 0<., ~A,-)+f .. (<(.,~~")](I<.L) <1./ 

j 

- 39 -

'"~ ... s 
RE .. OR.i to"'

J 
-I l.-

f\E\I \ \10« \ k e C.c f,,(~,"'-) ,. )+[ f .. ( ot, ~ A L )+f .. ( «.,~ ~~)) «.I.) !1.1 

l 

- )9 -

_~~5 

RE~Ol\i _+, -It-

R~'I\~'O '" , .. e C.l" f,,(~'o(J ,-)+ .. ( -<., ~ A • ..)+fuC ot,~~ft)](I -~) "" 
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40 -

HiiSTRiCliU 

REPORT 61j - 1 3 -
KEViSlON \ 

J) CWt-K3,., + K3,.t SF + K 3,.-, SE + [ K W . 4 + K , 9 . S T C ^ J ] < 

© V ^ v T 0 
© v ^ « X ) 

9 KH^=^CT4+B) 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 40 -
"' - ~ - +6 

",...5 
I'EPQRT "1; -I , -
l\E.'VtSION \ 

@ CTtlt-K'!"),1 +\(~") , l..i"F +\( ~",,=, ~E+[K~.." ... +K"!..,. s"T~1..",,~Jd.... 

- 40 -
+- +- +G 

n+5 
ftEP'O",. '+' -\.,-
1\~" I S\ON \ 

@ C"""t·K,\., . I+"''S', t..~F +K ~, . .., iE+[\<..~~. "'+~"'. Sl~1.. .. ~J"" 

- 40 -

~"'5 
ftEI"O,.T 41; -1'-
~e."lS'ON \ 

@ C""'t-K"".I +~ • .,. t..iF +l< ~, . ";) iE .... [K.'1~ .... +\(".,. s,.~'l.1-~J ...... 

. 
@ KH&· '~.(tl.)b"J iE/ TC'e;~3)+f~({Et) ~E) 1:1. .. '1') 



- 41 
BBSTBICTKD 

REPORT 0,4, - 1 4 - * * to 

RE.VISIOM I . 

+ T50(XALlV
M.«»^4-M2O SAu 

rt KHALp=K43 

™ *HARP
 = K 4 « 

INSTRUMENT E.QUAT\ONS 

49) A»R SPEED NNETER *E.M>IM,VC = f S 5 ( l , A . S . , k ) 

| 0 ) RATE OF C L I M B , R.C.-Jt StM©-nrcOSQS»"«r>»rCO»ecoS«f 

(5?) ALTIMtTtR , k- J (Re.) * * 

( 5 e) PITCH BAR OF OTRO HOWION - 9 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

.'" 
- 41 -

tI~~S 

REP'OI\" c..at, -14-
~t.VI'SION I 

@ KK'L~f.,(I"""", ~,)+ ~ •• (~AL' ~)+f.,(.,(,~) 

I N':JT P.UME.N T e.CiI:\J~'" \0 NSo 

I 

G!) PITCI1 &~~ 0" ~"f~O HOft.rLON· 9 

- 41 -

6l~"'S 
AEPO""'f c. ... , -1 .. -
RE\lI~ON I 

@ K",,=f"(~ "' L'''''' ~f)+f .. (XAL,~)+f~, (.,(, 'i) 

J 

- 41 -

.. ,45 
AEro",. c. ... , -I<t-
~~Vt~ON I 

® KH.:f"('"L>''''' ~f)+.f,"(iA,,~)+f,\,(.,(J t) 



A2 -
nssuoxBo 

REPORT 64-, -IS-
RfcV\S\C>N ^ 

5 3 j BANK ANGLE OF GXRO HORIZON » S\N ( c o s ft SIN Cp) 

54^) RATE OF TORN - A . 

(^fSj BALL BANK ANGLE,yO* = TAN — 

5 6 ) C O M P A S S HEADING = ^ 

ENGINE EQUAT\ONS-FOR ONE INTERNAL CON\BOSTION RECIPROCATING ENGINE. 

I 
v57) ^ = K 4 3 N Ci. 

3) pa=f5fc(XN) 

0 APc = f57(Q,Tr) 

( £ ) CHOOSE q. VN fcP^f^^Tl^SOTMRT P *-* A P & ^ .53 
P * 

© p 3 - - v ^ 

6&) - ^ - = f ( N , BLOWER POS\T\ON 

p3 °'8 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 42 -

b~","~ 

f\EPOR'T '1', 
~:e"\S\t)t'04 \ 

US'filCn:D 

- 15 -

@ 8M'4~ .M'IGLE OF G,(RO HORIZON- 51 ~~I(COs e SI N'¥) 

e RATE. OF TI,)f\N.Jt. 

@ BALL BANK 
I -I Q. 

ANG\.t,P' = TAN ~ 
~L 

@ COMPPoS'5 HE."OING", Y 

E.t'04GINE. !.QU ,,"IO N 5- FOR 0,,",£ \H'T'ERNI'\L COMeUS1',ON R£CiPROtPillttG ~~ttE. 

@ Q:::K ott:5 N €i 

"-= . S3 

- 42 -

b~"'~ 

I\EPOPo" ''''', 
~e\l \S \tlN \ 

USTilCtiD 

- 15 -

@ BM1'11. "f'lGLE OF G'(AO liORrz.OIi - 51 T'4·I(COse SINcp) 

e RATE O F TURN · Jt.. 

@ 8ALL BANK. 

E.HGINt. !QUP!"ION5-FQR 0"£ \H1'1;.1\NI'\L COt-\6U'':iT\ON RECi~PilING E~"'E. 

@ Q .:: KoIt:s N €.i 

£. = . 53 

- 42 -

b~""!> 
~EPORT '1', 
~'€."\S\t)t04 \ 

USTilC'rID 

- 15 -

@ 8.t-~-. M'GLE OF G'1RO HOR'"l.ON"51~·I(c.oSeSINcp) 

e RATE OF TURN· Jt. 

@ 8ALL BANK. 
I -I Q. 

ANGlE,...)l' = TAN --Y.. 
~L 

E.HGlf'U. EQU",.ION5-FOR Ot4E lNi-e.RNPlL COMeUS"T,ON RE~PROtPill"G E~"E. 

e ~.: ~ "' :J N €.i 

"-= . 53 

[ 
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BiiSTRICM 

6 V » 5 
REPORT fa-*-, -1«>- 4 . - 4 - 4 6 

W) P*=MP - P 3 ( £ ) 

6^) < ° l ^ 4 6 MP 

6S) R " - f 5 9 C ^ P ^ ) 

66) IHP = K 4 7 Q R 

© *.-w.(fr) 

S) S H PA=*48 9 * * , 

0 SHPM = K48Q ^ 

731 BHP « I H P - P H P - S H P ^ - ^ H P ^ 4 AHP 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

, 

~~. 

AEPOR." b ... . 
... t.~ \~\O'" , 

® p ... . MP . P.(::) 
-I~-

@ BHP · lHP - fHP-S\-\P,,-~HPM" AMP 

- 4 ) -

6~~~ 

Ri.t"'o""T b~. 
",'£.,, \~\ol\ \ 

@ p"" . MP • P, t·) p. 

@ fi·I< •• MP 

@ IHP . ~"l Q R 

- 4 ) -

lWstalC.bUl 

-I~-
.~. 

A~~""T "". 
"E...., \~\O~ \ 

® p .. ' MP • P, (~:) 

- 4J -



r+ 

- u -
BiiSTRICTKD 

REPORT &4, _ H -
REV\S»ON \ 

(74) PHP = K 5 o C p e / n 3 

© J-Ks,^; 

PHP = BHP 

MISCELLANEOUS EQUATIONS 

© vs = fM(0 
® e • f M CO 
© %o*f«.i(W)«<r 
© p'-v.oo 

© 

© 

© 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 44 -

.!t ... s 
f\&,POf't (.-., 
"£~\~ION. \ 

@ Cp=f,~(Il,J) 

@ J = v 
K 51 :n: 

@ PHP: eH~ 

@ C,-f •• (P ,J) 

@ 1\ :: 1(5~ C,. P 'T\. 2.. 

Il'S'l'RICnD 

_11_ 

MISCELLMie;ous EqU".,.\ONS 

e · f,sCI.) 

% = f.s ., ( I.)=cr 
o 

p,-\,,(I..) 

- 44 -

~~. 

R I..PO"" ~~) 
Rt.~\ SION \ 

@ C:p=f.~(II,J) 

@ J • V 
I( 51 'T\. 

@ Pl-lP.; 8HP 

@ C~-f .. (~ ,J) 

1K5'DJC!D 

_11_ 

MI5CELL""~EOUS Equ~"\ONS 

e · f .. ( I-.) 

% : f., ,1 ( 1..)=0-
o 

P, • f"" ( I..) 

- 44 -

.. ~. 
"~PO"l ""') _11_ 
"E~\!lION. \ 

® PHP = W'OCp e ",3 

@ Cp=f,~(i5,J) 

@ J • V 
K 51 :n: 

@ PHP= eHP 

@ c,-f •• (P ,J) 

@ 1\':' KSI. CT P '1\,1. 

MI~teLLMiEOUS Equ"..,.IONS 

e · f •• C\.) 

% = f.s. , (1..)= cr 
o 

P, • ~_.(I..) 

• 



- 45 

MISTHICMBD 4 - 4 - 4 6 
6.34-5 
REPORT «>A, - 18 -
REV\S»ON I 

I fa) TJ = IL 

I 

I 

84) TC( = 

1 _ T* 

i '/aev*s 

85) Tc 

86) Tf 

«• v 2 ev 2 s 

1 . T i 

87 T 

c3 y t e v * s 

' T4 
c*~ |feev8s 

@ Hs = Tc, + »ct
+Tc3+

 lc4 

< ' ' 

*b) T = Tv + T t + T 3 -v T^ 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 45 -

US"l'ilCUD 

-

l 

T.' • _T'!"L_ 
Cl 'hE'v's 

, , , 
TC!e-+a- T ~'t.. + Ie:! 

- 45 -

USUlctD 

• 
- 45 -

~ 
, TL 

Tel. : 'hP VIS 

@ 
, 

• T. 
To) 'hPV'S 

@ ,. I ~ T~ 
c~ y. evl~ 

@ 
, I , ; ; 

fe. • Tel " Tel. ..... TC'~ .. Tc ... 

@ 
, , , 

Tc::us- T 1:1.. + .,. c 3 

@ i .i,+T1.+i ... i~ 
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BISTBICIHD 
6345 
Beport B-64, - 19 -
Revision 1 l p 

t i i a 0£ SYMBOLS 

Symhole fox JntAlttM fl£ fctlM 

iZU 
1) Sarth Axes 

A - North 

8 - East 

C - Down toward center of earth 

2) Body Axes - Origin at airplane Center of Gravity 

X - forward along thrust l ine 

Y - Z E M I right'wine 

Z. - down perpendicular to X O Y 

3) Wind Axes - Origin at airplane Center of Gravity 

C - forward along relative wind (instantaneous f l ight path) 

t\ - toward right wing perpendicular to O j 

£ - down perpendicular to 5O7J 

TOECSS 

1) Along Earth Axes 
W - weight of airplane along OC 

2) Along Body Axes 

X*- along OX 

Y'- along OY 

Z - along OZ. 

3) Along Wind Axes 

A - along O i | in the negative drag direction 

P - along OV| in the positive side force direction 

X - along Og in the negative l i f t direction 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 46 -

.... 
"port J,....&l, 
.. ,.1Ilon 1 

UlnICUD 

- 19 -

.tW.l Ql SIMBOLS 

bUgl. m IguaugU .of. ~ 

.. - lorth 

8 - ia.\ 

)r,. - tor_rd. aloD« thru.t 11u 

y - iirc:lf; .. lu-t ~ ... tnt: 

z. - d.o~ pe;rpend.1eUlaT to )(.0"'( 

3) W1nd..ls. - Or1,1n at &1rplaM C. nter ot GrAnty 

0) 

.) 

~ - torWlU'4 a lofll rd.a\h. w1nd. (1D .taDt&lll Oll. t 11sbt path) 

"l - toward. r1&bt wll'1,!l yeTP'nd l oular \ 0 o!. 
t - down PSrp! ndlcular t o 10" 

w - ... 1t;h\ ot a1.rpll.ne aloJl, oc 
.I.loZl,j!: Bod1 .A.a • 

• 
)(, - alone OX 

Y ' - aloD« Cf'( 

• 
Z - alone Oz. 

JJ. oac Vlu4 An. 

~ - alone 0," 111 th. a·Potl". drac 41r.o\101l 

,. - alone 0'0) lIltbl po.Uh. lid. torel d1reeUoll 

~ - alone of ..... alp.U". 1itt dlnetloll 

- 46 -

.... 
"port. J....64. 
a .. '1.10n 1 

UlftIctJD 

- 19 -

IWpl. 1R.t Iq,v,aUpD. • .af. ~ 

.. - liort.h 

8 - ' .. t 

)I,. - fo rward a10n« thnut l1u 

z. - dOllil p.rpen41eUlar to X.O .... 

3) Wind ...... - Or1s1D .t airplaD. Cll1tlr of Gr"nt)' 

2) 

.) 

~ - forward a 101\1 rd.ath. v1 nd. (10,untalMlou, f l1p., path) 

"'l - toward r1Ch t wlf1,1j; pupend. lcul8Z' \ 0 o!. 
t - down perpendleulflt t o !o..., 

w- ... 1f;ht of alrpb,nl a100S OC 

J.1oc,s Jodi ...... 

• 
)(, - alOD« 0)( 

y ' - .1011& CI¥ 

• Z - alo,,« Oz. 

J.l OJIC Vi$. J.u. 

.e. - alOAe; 0," ill \h. 01&&,1 •• drac 41r.otioll 

,. - aloll« 0'0) "'.'" po. Hh. ddt fore. 41ncUon 

1 _ alons ot 1 .... Q'pU., 11ft 41nct,loQ 

f 

- 46 -

U8D.IctJD .... 
"pori J....64 • 
.... 1110n 1 

-19-

.tW.I. Ql SDUIOLS 

A. - Irforth 

II - i .. " 

z. - 40'oln pt;rpudleUlar to XO"'( 

3) y iM ...... - Or1clD .1. _1rpl.aDe Cutn ot Or"yUy 

~ - forWN'd alon& na1.h, wi nd. (1nlLal1tauoul tUp,' patb) 

"l - toww.rd rient wiD« Jlupen4101U8Z' t o o!. 
t - down perpendicular to ~ 0"", 

w - wlf;ht of alrpllUl8 aloll.& OC 

2) J.lo~ Bod.¥ Au. 

X· - don« OX 

y '. ,10114; Cf'( 

• Z - alo,,« Oz. 

3) Alo,,", ViDd. Aul 

~ - aloae; 0," 
,. - alone 0'0J 
~ - Illoq of 

,,,,, .. • lp1.!.'. Ilrac 411'10\1011 

,,,, .. podti", 114, tore. 4u.cUoll 

in ... Olp1.1 ... l1!t dmcUort, 
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HKSTaiCTKD 
6345 
Beport E-64, > r * ! r i C n - 20 -FIED Revision 1 

utmaii ft . Pound* 
l ) About Body Axes 

L - Boiling movent about OX 

M - Pitching moment about OY 

N - Yawing moment about OZ 

LIKEAB VELOCITIES 1'eet per Second 

1) Along Wind Axes 

V - resultant velocity along O ^ 

The ve loc i t i e s along o £ and OT| are zero* 

2) Along Body Axes 

<tt- velocity along OX 

n>»- ve loc i ty along OY 

^l>»- veloci ty along OZ 

AK&ULAB VELOCITIES Badians per Second 

1) About Earth Axes 

—Z. - about OX It 
Ad 
2E. - ebout l ine in intersection of plane AO& and Y O Z 

J2£ - about OC 

2) About Body Axes 

p - about OX 

OJ - about OY 

A - about O Z 

3) About Wind Axes ot about Of) 

ACCSLiiBATIOHS I t . per Second per Second 

1) Along Earth Axes - g - gravity along OC 

2) Along Body Axes 

a . * - along OX 

tty- along OY 

Og - along O Z 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

, ... 
Jl.eport Jl...64" 
a..,11100. 1 :IFlCO 

)IQt(iOIlfS rt. P0ww,11 

1) About BodJ .be. 

L - &'011111« 110_ 0.1. about 0)(. 

Nl - Plt.ch1nt: lID_nt about OY 

M ... Y,w1ng .,IIeDt. about. 0% 

~ YJl.OCITIiS r .. \ plr s.coDd. 

1) Alone W1o.d 481 

'1- ruuHr.nt. "locH, along Ot. 
'1'h8 ... l loc U h, alone of pd 0.., aN nro. 

2) Alon£" lJod.y b u 

'U.- ... 10el\,. aloq O)C. 

"\Jo' - • • 10£1ty ,1!!...!g 0'( 

'W' - ... loe 1 t,1 alone 0% 

ANGUl.AI JiLQCltp;S Ba41anl per SecoDd. 

1) Abou t i lu ·t.b .A.a: .. 

- about 0)(, 

- about Oc 

2) A!lOllt Body .ua. 

, _ .bout ~ 

,,- about av 
.1\ ... aboll \ OX 

3) ,,",out V1D4.u.. ere a"u," O"t) 

i.CCiIllWIQJI$ It . per s.coud. pn Second. 

1) ..t.l0ll& J.uLh Au, - , - CX'a"'U, alOD« OC 

2) .uOI!.l BodJ .b. .. 

0.. - alollC OX 

ely - .J.IOC ('1"( 

4z - .10lLC 0% 

• 
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~q, It. POww!1 

1) About. 1041 ~. 

L - Jlo1l1.o« __ nt abou t 0)(. 

NI - Plt.eblft,£ .. ment. a bout OV 

N _ Yawi ng IIO_Dt. about. Oz 

~ YilOC lTIiS Y .. , ~r s.coD4 

1) Alone Yind ~e. 

'/- ruult&nt. "locH,. along ot 
the .... 10c 1\1 .. alone of _4 0.., are u r al 

2) Alone Body .un 

'\L - 'l'eloc lt, . hlll ~ 

'\)0 - ,.10;Hy .1.Q...~ 0"'( 

W' - .. locH, alone 0% 

.ll!GUW J1LOCl'fU:S Ba41anl per Seooad 

1) Abou t iartb A:I: •• d. _ .bou t 0)(. 
Tt 

- 20 -

4t -abou" 1111.11 111 ht..,..otloCl. o( plaDl .-oe. &.lid. "'(0% 

~ - ,"ut Oc 

2) AlIou' Body J.n. 

, _ .bollt. ~ 

,, - about a"f 
.1'\ - about OX 

3) AHut. Vill4.aut • about O"'r) 

ACCIlIllWIQ1IS ' t. per !lecorul. plr s.coud. 

1) .1l0D& lut.h Au, - , - 17,,,1\, alOD« OC 

2) .uonc Bod)' ~ .. 

el" - aloae OX 
ca.., - .lll:lC O'f 
CLz - aloq 0% 
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)!(;!t(Dlti Fto. POWldI 

1) About iodt U.I 

L - 1lo111.o1; __ At. .bO'll~ Ox. 

NI - Plt.cb l ft,£ " '11111\ about a..­
M _ Y,w l ng .,MDt. about. Oz: 

~ YilOCITIiS I' .. , ~r StocoDd. 

1 ) Alaac Vl od AUI 

~ _ ruultllDt. "locH)' &lon.!! ot 
!'he n10c1\1 .. alon& ot pd 0.., .,... nro. 

2) AlOII4: 100y 4:1: .. 

"U. - .. loc 1 "1 ,10111 a-. 
'\)0 - ... 10-,U)' al.ctrg 0"( 

'\lot" - .. 1oe 1 "1 alOlL( 0% 

AliG!.l1.U l'iLOC1'fU;S ia41aDi per keoad 

1) J.bout iu1.h A.:I: .. 

~ - about Ox. 

4t -aliena. 11all 111 l o"anlatloo ot pu- .-ae. &114 ""(0% 

~ - about. Oc 

Z) £!lout. Bod.1 .Au. 

, _ ,bout. ~ 

,, - ,bout. av 
J\ - ,bout. OX 

3) AlIout. Vll14 .Au1 .. .bout. O"l 

ACCialWIOJ/S ''" per Seooull. }ltr ,",coll4 

1) JJ.OII& lutll .Au, - , - cr,.,U, alOIll> OC 

2) .u0D.C 1047 j,,; .. 

CL. - aloae OX 

Ay - .lIOC 0'( 

&z - doq 0% 
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HSSTB1CTED 
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fieviaion 1 

H0H1OTS Ql IKSBIIA Pound - f e e t - Second3 

1) About Body Axes 

I x - about OK • TLmM 

I y - about O V • b m b 

I x - about O Z - cnsio 

J B B Degrees 

t - angle between OX and plane A O B In plane X O C 

\ y - angle between O A and plane X O C In plane A O B 

Q> - angle between OV and plane A O B In plane Y O Z 

•fit - angle between OX and plane K O Y ) In plane X O Z 

8 - angle between O j and plane X O Z In plane £ 0 > 1 

TIME 

^ — SSSOEAB-

SIMBOLS Kffl AUXILIARY HWATIOHS 

Cj, - l i f t c o e f f i c i e n t - s t a t i c 

Cp - drag c o e f f i c i e n t - s t a t i c 

Cy - aide f o r c e c o e f f i c i e n t - s t a t i c 

C„ - p i t c h i n g moment c o e f f i c i e n t - s t a t i c 

Cn - yawing moment c o e f f i c i e n t - s t a t i c 

C» - r o l l i n g moment c o e f f i c i e n t - s t a t i c 

CB - p i t c h i n g moment c o e f f i c i e n t due to p i t c h i n g v e l o c l t y ; ( — l l ' j ^ 1 

Cm« " p i t c h i n g moment c o e f f i c i e n t due to ra te of change of 

angle o f a t t a o * $ ( ^ ) 

Cn - yawing moment c o e f f i c i e n t due t o yawing v e l o c i t y ; i ^ » 

Cnp - yawing monent c o e f f i c i e n t due to r o l l i n g v e l o c i t y : A * Y * £ 2 i i ) 

Cj - r o l l i n g noment c o e f f i c i e n t due to r o l l i n g v e l o c i t y J jC]f*~JA 

Cj - r o l l i n g aonent c o e f f i c i e n t due to yawing v e l o c i t y : ( i £ V 6 C j " 

Jg - s t i c k or column force - pounds 

i'g - rudder peda l force - pounds 

Ty - a i l e r o n wheel force - pounds 

Hj. - e l e v a t o r hinge monent - f t . l b s . 

Ffi - rudder hinge moment - f t . l b s . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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"' ... 11ion 1 

.. 21 .. 

MOJj,;Jlts Ql ur.;!!'fI.l Pound. .. I' •• t .. hcoDd· 

1 ) .!bout. Bo4.1 ~ .. 

• 
'1/ ,. .. 
a 

11!11! 
t 

.. about. OX 
- about. CS'( 

- about OZ 

- aD.I;le bet".n ~ Md pa..o.e AOB 

- &lICli be t. .. n OA aDd pla.llfl l<OC 
.. ucla be "wn. aY and. plan, A08 -- bet. ..... OK aZId plane tO'l -_a bet-wen oJ and pane )(OZ 

- :,c: ':'~. _ 

10. plane XOC 
itl plane -laplau .... 0% 
1n pl.- XO% 
tn plane !O'l 

SYMBOLS lQi 4lII.IW4RI i:WAfIQMS 

CL - 111\ coettlchnt. - IItaUc 

Cp .. 4rac codf1clent. - .'aUc 

C, - 114. torce eoe/nel.."t. ... 'at.lc 

C. - phch1DC ".D.\ coe!t1clellt .. ,hUe 

CII .. 7.viae .,.l1t coef!1cl.nt .. I tatic 

C, - l'olllDt; .,.n1. aeelnc1..", _ .t .. Uc 

Caq, .. pUCh111C ."llInt ooeff lcleo.t due to phe.blDi .... lOCltl .GX\C") 
C,.. - Jlhcbln« .,.at coe!t1cl.at due to rat.a of cb.azl«a of " 

-- 0' ..... k (fX'i:) " 
C,,, - , ...... ~-•• "at""", -.. " """ "'''''1,(t)w~ 
Cnp .. ,.wUc -o_nt. eodnotet 4u '0 rolllDt; 'f'doeUl:(~ ~ 

C.lp .. roUbI&: ".11\ coett1cln.t. aue \0 rollin.&: .... l0c1\1~) 
etA .. roll1ac 1tO.lIt 00.ltl01nt du. to ,aw1Dc nlOCUfll~X\c;!) 

'6 - .Ucll: or cclUZlll (crel - polUld.l 

'I - n4br ~dal eoru - pound. 

'V - alluOil .11 (orce - J'OWlh 

~ - -t .... ter hi1111 .,.nt - f\. lb •• 

!Ix - J"tI44u h1n&'l ., .. nt - ft. lbe. 

• 
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1) 

-
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-'!lout. :&04.1 ,k .. 

tjlt .. a bout 0 )(, 

I y .. about a<t 
1 & .. abODl OZ 

Peer'" 

• .. aztcll be"'.en ~ lUI! pau Aoe 

'1/ .. &llCli bel""n OA and plane 

" 
.. allIIe N """n. err and. plan, .. .. &DCI • bet .... n CDC. aDd. plane 

a - ucl· "'Win oJ Mil plan. 

~ 

t .. ~' C':lJ:J!. _ . 
SDCBOLS 19.I NJXIWARI EWAfIQMS 

CL .. lin 00,ltl01Int. ... taUe 

Cp .. 4rac oodflc.1ea.l .. l'aUc 

l<OC -§O'l 
)COZ 

C, .. ddl torel coe/nel..,.\ .. l'a\.1e 

ill pIllA' 

10 planl 

10 plaDl 

in plan-

1n plane 

.. phcb.1ac -o_nl cod'nolllll .. ,hUe 

.. ,.wiac ao_at ooe!!1cilnl ... t.aUe 

.. 21 .. 

XOC -.... oZ 
><OZ 

!O'l 

.. rolll~ ... nt ooeff10 110t .. Italic 

.. pUctliq ao.,nt. coefficient. dUI t.o pUchiac YdOeitT.Gt
e,,) 

.. pnoh~ aI.nt coett1cllat d~ t.o raU of chazl,p of " 

-- .f ...... (fX't:) 
C

DJt 
.. ,."1Dc __ At Go.ttlcienl dUI 

COp .. Taw1zr.c: __ ot. coetf1chllt due 

.. roll1Ac ., .. at. coetflcl lnt du. 

's .. . Uell: or oaium torel .. pound. 

1'1 .. n44n pedal force .. pOUD.d.1 

'V ... UnOD ..,btll torel .. rowuh 

B:& .. .t .... tor hlap .,.nl .. n. Ibl . 

Bll .. ra44u b1Qclo aI'lltnt. .. ft. Ih • 

• 

• 
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MONts Ql IIlijRfU Pound .. I •• , .. hCQn4' 

1) .!bout Bo4.1 J.z: .. 

.. about Ole. 

.. alloUot C1'( 

.. abou\ OZ 

• • 1I. ..... 1i 
- LI • • """a 
- L" O""a 

• .. 1lAC1a be' .. en <XI' *lid plA,u, AO& 

'1/ 
_10 

bet_o OA .M p1..- Xoc. 

" --. M ,wn 0"( .,ui pl.ane AOe .. --. be t ...... OK a.D4 plane tO'l 
a -..... betwan ot Md pw. )(OJ: 

11!1!! 
t .. :, c:':'~. _ -

SlJ(BOLS lQi Wl1tlARI EW!.fIQ»S 

CL .. 11ft. cOattlclanl .. ~t.tlo 

Cp .. 4l'a.c Qodflc.1u.\ .. ".Uo 

Cr .. d4. torca aoelnc1eD.t. ... ,.1.1 0 

1A pllLlle 

hI pll1l1& 

hi plaDe 

1n plaM 

111 plane 

.. pltoh1D& .o .. n\ oOltflo1an\ .. ""lc 

.. 7avlllC __ at oo.!tJciu.\ .. ' tatic 

C
Dlt 

.. 1''''1.a& __ 11\ co.tticieat. 41,1. 

CDr .. nrlAc __ 11.\ co.tUcie' du 

'S .. l Uck or colUZlll torel .. potUl41 

'1 .. r'I:I4.d..r pd .. l toree .. po1Ul4.1 

'V ... UUOD v.a1 torce .. I'cnuuh 

a. .. d.,..t.or b1111e _nt .. U . lbl. 

HIl .. rad4.r biJl&lo ""0\ .. n. Ih. 

.. 21 .. • 

XOG -.... OZ 
XOZ 

!O'l 
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fieport fi-64 
R e v i s i o n 1 

Hi - l e f t a i l e r o n h inge moment - f t . l b s . 
a 

H^ - r i g h t a i l e r o n hinge moment - f t . l b s . 
3 KJJ - e l e v a t o r h i n g e moment modulus - f t . 

KJJ - r u d d e r h i n g e moment modulus - f t . 

E H . T •* ! • ' * a i l e r o n h inge moment modulus - f t . 
3 Kg _ - r i g h t a i l e r o n h inge moment modulus - f t . 

KHJ. - e l e v a t o r h inge moment modulus due t o p i t c h i n g v e l o c i t y ; U ^ l l - I 

KH, . - e l e v a t o r h inge moment i.otlulus due t o r a t e of change 

of a n g l e of a t t a c k : Q r t i ) 

KHJJ - r u d d e r h inge moment modulus due t o yawing v e l o c i t y : IT -M • I 

K HAI - l e f t a i l e r o n h inge moment modulus due t o r o l l i n g 

v e l o c i t y , ^ i j - g — s ; 

KHAR - r i g h t a i l e r o n h inge moment modulus due t o r o l l i n g 

Cm^ - p i t c h i n g moment c o e f f i c i e n t c o n t r i b u t e d by h o r i z o n t a l t a i l 

Cn» _ yawing moment coefficient contributed by vertical ta i l 

6 0 - angle between OX and ground with plane at rest 

6E - elevator angle 

6R - rudder angle 

6 A - total aileron angle = 6Au-»- 6A R 

6AL - left aileron angle 

8A^ - right aileron angle 

6£+ - elevator tab angle 

4R+ - rudder tab angle 

SA^. - left aileron tab angle 

SAR. - right aileron tab 

SF - flap angle 

Tl - thrust delivered by port outboard engine - pounds 

T2 - thrust delivered by port inboard engine - pounds 

T3 - thrust delivered by starboard Inboard engine - pounds 

T4 - thrust delivered by starboard outboard engine - pounds 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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'''5 
a.'por~ &-64. 
a..hion 1 

1E5TlllCflll 

- lett alilron hl~ moEan\ - ft. lb, . 

- r1cht .Uero!!. hUl&e IIODn,\ - ft. lb,. 

- .l ..... lor hln,g.1 110II1II0\ modulul _ n. 3 

- rudder bl~ lIO_nt IIOdulu _ it. a 

- 11ft "neron hla.ge IIOlI(In\ modulul _ ft. 3 
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H" 

H •• 

I:Hi 

lH. 

'H .. 
<'" 
lH, • 
IH). .. 

_ rl,ht ",U,ron bln&e JrO:I80\ mo\!.ul'lll _ it. 3 

- d ..... t or h~ ao_nt .oddu. du. to pitching nl0Chl: ~X:'~') 
'W 

- III.atQ!, bll1f:C1 lIO_n\ ILOdu1l11 dtal to rat' of ohan,r;. 

ot aQill of att'Ok:(~~') 
lH. 

" 
- T1I4d,r hll1«f1 Il10_,,,\ ~!:. 4u. to T&",1114> '..eloCit7: lt~'~) 

(li"AI. - lett flUt ron hl~e lIIO .. nt .:odulul due t o rollin, 
p ,,,~~ ... \ .~ "docl~)' . ,,; 'F 

r 
il:Kj,i - right ,Ueron ht!l(;e mollent .oo.ulUI d~ to ro111a« 

,. YelOC1t)' {~~ ~ .. It) 
C~t - pltchl~ acment coefficient contributed by horl,on~l ~11 

CDt - )'av l.ftt; 110_11\ coetf1cll nt contributed hI •• rtiCII taU 

e. - allele "heeD. O'JC. .nd &round. vith plane. at r .. t 

'E ,lev.tor M,le 

iR - rudder ancle 
"" toul aUeron 1llIi1e .. 'A~+ 5"' .. 
6A~ len .Ueron ~lo 

"".. rich' an.ron ancb 

6£t - d ..... 'or 'ab ancle 

'R~ - ru44.r t ab M,le 

1oII\.t,.t. - lett .Ueron '.b &.n«le 

'''kt, - rl,M .Ueron tab 

,.. - nap &nile 

'1 t hru,' de ll.ered bl por' outboard en,ine - pound , 

" \hrul\ dellTered b7 pOr\ inboard en~lne - p~, 

" _ \hru,\ ddiYered by I'arboenl lnbo~ en«lne - pound, .. _ t.hr\ll\ dellYered bl nMboard oulboard ucine - powIh 

• 

1 
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B.!l. - len dhron h1~ IIIlElUlt - t\. lh. 

E .. ! - rich" .11ero,," hi.D9 -0II1II01. - n. lbl . 

I Ei - 11",.tor h l ng11 -omell\ codulut _ n .3 

IHI - rudder h1nr lIO_nt _4ul111 _ it. a 

IHAl - I ,ll. RillroD hl~e lIIlaent modulu. _ ft. . 3 

IH..a - riebt flU, r OD hap Il10_11\ IIlOdwtll _ h. 3 

IH}:q, - d .... "or b~ IIOWlllt aodu1UI du. t o pltehlc,g nloc1 tl: ~,*':;') 
lB. , th,. .. tQr b1n.ge .,.nt I[.Odu .lul dUI t o rat. of o.banf;. 

- of aQllt or . t t.Ok:(~) 
(RiJ{ - ru.d.d'r hl11«' lDO _ nt 1IOCl~:: d.u. to ,.>11114; ""llocHr: (t~i~) 
lJiJ.1, - lett Il1hron hl~e 1IIO"'lIt mod.ulu. chl.l t o r ol11q 

p '''X~''''\ . ~ nloc l~l'" ,t; 'F 
r 

IB~ - rich" ,11,roll ht~ IIODeD" .odulul d~ t o rollin« 

,. 'felOelt1:t~~ ~ ... ) 
ell" - p B chll1f1 .,wnt coeff1e1lnt contributed. by borhoD"'-l lall 

Cllt - 7&v1ftc _ _ lit coet f1cl l nt eOIl t.r lbuled bl ... trU ed tall 

e. - aII,t. " t ... ",ln ()lC. ~ p-oWlli vah plane. at us" 

~E - elu.tor &nIle 

ioR - rudder .",18 

"" - toul .UlroD ana:1e .. 'A~+ SAo" 

"""" - bn aUnon a!lt:le 

"''' rlch" aileron _11111 
SEt - d .... ator tab 1U:I,;1e 

'fIl~ - rud.4u ,,,b lU:I,le 

""-. - l in albroD t ab -.nab 

'''''. - rl,M aUlroD tab 
,.. - nap t.n«ll 

'1 - t hTu.I' ~ll Ylred by port 

" - th.rUlt dlllYered b7 port 

outboar d In, inl - pound , 

lnboard. Int; lne - pound, 

'3 _ ,hrut aelive red "1 Itarboe.n\ ll1bo,.,d ellClne - pOWlllI .. - thrult de l1 .. re4 b)' I te.rboe.rd out board lIl,lnl - poud , 

• 

1 

.... 
&epOl'L B.-64 
Baddoa 1 

B,. 
B •• 

IEi 

'" 1B .. 
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- len dhroD. hl~ lIIlant - t\. Ib,. 

- richt alllro!lo h~ -ollleot - ft.. U, • • 

- Il, •• Lor hl~ -o~nL &odulu. _ (L . 3 

- radder h1n&e lICI_nL modulul _ n.3 

- lilt fllhl' OD hl.rlt;l! -.o_n\ .,4u.lu. _ n. 3 

1B .. 

IH); • lB., 

- dpt aUlron h1n&"e IIOIIIIlDt m\!;wnl _ n. 3 

- d .... t or hl.clf:l .. W!nL .ac1ulul elu. to pitching "lOc1t,.: ~x:';'"') 
or 

• 

'" " 

CD, 

e. 
~E 

Oft 

~" 
~. 

~. . ", 

- ,ll"etor h1.nge ".IIL ILOdulul dill to rat. o( O.h.aql 

of ~Cll or aL tack:(~) 
- ra.d.dlr hl11«' 110_11\ 1IOd.~:' 4u. to ,.,,111fi: .... loC 1t,: lt~'~) 

- ,avln& .. =tnt c04tflcll nt contributed til •• r Llcal tall 

- uSh _Lweln "" .nd. go\&nl1 with plAne at net 

,h."tor 1.Jl1l. 
- rudder &n«le 

- t otal ,UITOD &114::1, .. 'A~+ SA .. 

- 1.tL alII r on anglo 

r11h~ all.Ton encl • 

- .h'l'.~OT ~ab anCh 

iR, - l'Ud.4eT , ,,b an,l. 

""-. - l.n aUnon ' ab &!IIh 

'-''''' - Ti,bl aU. Ton \ ab 
,.. - n.p Mile 

'1 thTu.\ de IlY'red til port outboard In,lnl - pound. 

" _ throeI. d.llY,red bT port inboard Inc1nl - pound, ., - t.hrol\ delh'ered ",. ''''rboaT« lD.'bolU'd Inclnl - pouDih .. _ Ulrutt. d..l1 .... rC!d by . tuboard outboard IO,ln. - poIld. 
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T - t o t a l thrust (four engines) - pounds 

Tj - constant t h r u s t from ja to I n s t a l l a t i o n operative f o r 
a s p e c i f i e d l e n g t h of time 

T0 - t o t a l thrust c o e f f i c i e n t (four e n g i n e s ) 

Tc - t o t a l thrust c o e f f i c i e n t (port and starhoard inboard 
2 + 3 eng ines ) 

Tci - thrus t c o e f f i c i e n t (pert outboard eng ine) 

Tc - thrust c o e f f i c i e n t (port inboard eng ine ) 

T„„ - thrus t c o e f f i c i e n t (starboard inboard engine) 

I . - thrust c o e f f i c i e n t (starboard outboard engine) c 4 

Î j - 4 landing gear d e f l e c t i o n 

$Q - 4 bomb door d e f l e c t i o n 

Cf - $ cowl f l a p d e f l e c t i o n port outboard engine 

£> — £ cowl fl°T> d«",''l»"*tlnjj nort Inboard engine 
r a •••'—• * . ... 

Cf - Jf cowl f lap d e f l e c t i o n starboard Inboard engine 
o 

CP - I cowl f l a p d e f l e c t i o n starboard outboard engine 
4 

B^L - °f> brake preesure - l e f t brake 

BPJJ - 4 brake pressure - r ight brake 

m - a irplane mass - s l u g s 

s — wing area - so., f t . 

b - span - f t . • 

c - Bonn aerodynamic chord - f t . 

y^ - d is tance to outboard motor C a long O Y " f e e t 

y„ - d i s tance t o inboard motor £ a long O Y ~ f e e t 

e . g . - center of g r a v i t y 

D — d i s tance of e . g . below reference p o i n t along O X - f e e t 
D - d i s tance below re fercn:e point to po in t of contact 

of main v h e e l s in-", ground along O Z - f e e t 
0 - d i s tance of e . g . t o ri.jht of re ference point along O Y - f e e t 
0 - main wheel tread - f e e t 
H - d i s tance of e . g . nhenl of re ference p o i n t along O X - f e e t 

d i s tance forward of referenco p o i n t t o poin 
of main wheels °nd ground along OX - f e e t 

H - d i s tance forward of referenco p o i n t t o point of contact 

I 
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IPa 

_ ,brul' cOlffie leot (pert outboard Incln.) 

'bruit 00lff1clent (po:, lnboard. laclnl) 

t brult cOlffic 1ent ( ""rboa.rd. inboard. IMinI ) 

_ tbrult ooeffic l.nt (It~boftrd. outboard Incio, ) 

_ ;. landiDl: cu.r defllcUoo 

_ ~ boab door d,n eeUoo 

_ ~ cowl rl"p d..floction port outboard 'D«1o' 

_ ~ ,:owl flap ~flq!,et, 1 on !,nl't t"btl/lrd "'I.: l ns 

_ ~ eowl fl.p de flection Itarboard inboard IDl:lnl 

oowl f lap def l.otl on Itarboard ontboard ID81no 

br.x. pr"lure - 11ft braa. 

• _ ,irpllUll l1l/I. .. - alu,gl 

I wlnt; aua - sq,. f t. 

b - Ipa1I - flo 

C ~n.D. "'.tod1Nul1e chord - f t. 

11 - diltaDCI t o out btl llt'd IIOtor ft: alone: C/'( - rllt 

1a dhta.DCI t o iob~ :>.rd motor tt. IIllOTII a'f - flit 

c.,. ::I»t,r of Cl'. ,, ~ty 

D dh tGncl of e . e;. belo ... r-I f l "DCI point AloD& O'Z. - f .. , 

r/ _ dht"ncl be l o\'! r e r eron :1 POiDt t o po lnt of contac t 
of tlI!.ln .. he,l !! fl.D~ /?,o'J,,~ n.long 0& - feet 

Q dhtaJICl of c . b • t o r!,;ht of referenc. point Along O't - fll ' 

0' _ -.In whI. l treM - feet 

H _ dhtanc. of c ' b' V.I"'" of r ete renol point nlons ~ - hot 

H' d ht/UUl1 f or .,nr'i of rd erelleo poiot to point of eont a.:: \ 
of lIfI.in ... t>.eoll fl.nd grad alODl: OX - t .. , 

I 
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• speoU1e4 hn,gt b of U.-

t o tal t llru,' coeff101u\ ( tour 100001n • • ) 

.. tot,l ,bruit co,rfl01In\ (port and Ilarboard l~oard 
' 0.&111") 

,bru.t ca.ttlc leot (pert out board ,ocina) 

tbrult 001((10111'l \ (po: \ lnboard .",ll!ll ) 

t brutt coefficient ( ,tAr'bOU'\i inboard. 1n,r;1.u ) 

.. thrult oOI(flc llnt (,tnTbonrd out board engine ) 

;. lan41o.,; ce ar 4dll o\1011 

- 1- bo.b cloor d,n ICUOD 

.. " cowl n"p 4efhctlon port lI\l\ board .~11:1. 

.. ~ ,:0,,1 nap ~flq~cl,tOI\ !,l'Ir t tflbtlllr4 etlfj i a-

.. ;. c owl nap deflecUon Ilarboard 1llboard . ""lnl 

.. ~ cowl (lev d,f110tlon ,"arboard. ont board. 'DC~ 

.. ~ br.x. pr"~' .. lef t br.x. 

• .. ,1rpl lUl' l1li\ .. .. alu.,:t 

• " tnt; aUI ... q,. f t. 

1:1 lJ)&Il - tt . 

c ra.an .lrodlNuU c chord .. h. 

:11 .. d h t,nct tot) out baard ~tor ft: d ont; C/'( .. flit 

)'a d..hta.lliCe t o lob~ ... r d mot.or it. M O", a'f' - ftet. 

c.,. - eeDter or cravl..ty 

D dh tooce or c . , . tlelov rd'e rt DCe polnt ,,1012, O'Z. - ret' 

II' _ dhtAn(:e lNI l O\i r e f e:ol\:e point t.o po int of cl,lnt.l'Ict 
or 1:IlI.1n .. heel:l 'UI~ UI,l'I,,~ along 0& - ree t 

o _ dhtaJlOe of c . ,;. t.o d,;b t or reftunc. pol.::it. &long 0"( - ft e ' 

0' _ill. wb .. l treM - reet 

H _ dht.nc. or c ' b ' 0\l'.e"1 ot rere renoe pol!!t ,.lODS cnt. - rett 

H' d htlUUle r or..,I\l''i o r ... fe renco po1nt to po l ot. of cont M t 
ot IIIl ll1 ... to.eell "nd ;;round along 0.. - tee " 
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~ boab door dof l'ctlon 

~ cowl flllp d.etloct l on port ou\board aD«lao 
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_ ;. cowl nap de tlecU on .\arboard IJ:r.boar4 oq:lna 

_ ~ covl f lap dlf}oot.' on nuboard. out board a.D,ll:1M 
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c tIoo nD ... orod1f\ll&Uc c hord. - f t-

:11 - d. lIot anel t o out boru-d ~tor ft: d on,; C/'( - flit 

)'a dh tanct t o 1o'tw-rd motor tt. tUG", a'f - f .. t 

0.,. ~ODt.tr of cra vl.ty 
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Ĵ  _ moment of inertia coefficient - 0% axis 

b - moment of inertia coefficient - 0 Y axis 

C M moment of inertia coefficient - O S axis 

- air density (standard sea level) - pound-sec* per f t . 

- a ir density (standard at altitude) - pound-aeca per f t . c 
0 - density ratio 

•R. - altitude - ft. 

V - velocity of sound - ft/eec 

V. - aileron divergence speed - ft/sec 

•_ - nach number 

t£ - coefficient of ground frict ion 

IX - bal l bank angle - degrees 

Hy - correction factor to pitching moment due to airplane 
—„v - tti'uutairsJ. d»fl»xtloir " " " —***" " ~" ~ ' • "" 

EJJ - c o r r e c t i o n fac tor tu yawing moment due t o a irplane 
structural deflection 

T ( ) - designates a function of the variable in ( ) . In 
general represented by a curve or family of curves. 

E-l e t c . - aerodynamic constants 

Mj e t c . - manual setting constants 

SYMBOLS FOB SNG1NK IQPATIOHS 

A - displacement of engine - cubic inches 

N - engine revolutions per minute 

n - engine revolutions per second 

1 - mass air flow through engine - pounds per hour 

M - mass air flow through engine - pounds per second 

IT - throttle angle - degrees 

p^ - in let density (density at cylinder in let ) pounds -
V see* per f t . 

MP • manifold pressure - inches of mercury absolute 

Pc - pressure drop through carburetor - inches of uercury absolute 

1*1 - atmosphere pressure - pressure at inlet of auxiliary 
stage - inches Hg absolute 

Pg - pressure at exit of auxiliary stage - in H absolute 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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lIO_nt ot 1De r t l,a coeftlelent - OZ axh 

a ir deolltl (e t &ndard .Ia le"11) _ pound_l,oa per f\ .4 

- all" d.oll tl ( etandard a t 1l1tl t uda ) - pound_.aoa per ft . · 

- de nll t:f ratio 

- a l t ltud. _ ft. 

- " I l oo l ly of .oune!. - f t / •• o 

- .Ueron clh. rC.nel l peed - f t / lec 

- IlaCh IIotuib. r 

oClfflc l .nt of Cr ound Ir lction 

ba l l bank llIl~l. - dl Crl .1 

- co rnctlon lactor to pl t chlnc ~~.!t .d1,l.1 t c e.l rp:'~_ 
-.~ .. u,; ".r.-t-ddiv ... ~~( 1f - --

Bli - corrl c t lon fllet or t o ),a,.,lo,: ..... nt 4\l1 t o a trpU\ne 
.t ruc t ural clef l eetton 

f ( ) - del lenat .. Il f u.nc tt c:\ o! t he "arlll.ble In ( ) . In 
ee rleral r oprall'JlIo ted by n cur" . or f aJI!.ly c f Our"'I. 

'I I t C._ al rocl~c conlt~ t l 

5T!GOLS ill U 011": GUIOn 
• d h pll'C. Mot of eo,:11101 - eubl 0 tnohe l 

I - l lIog l nl re"olutlon, per .. laut e 

a - 11), 1110' r..,o l ut lonl per lIeend 

~ .. II a ll" flov \ b. ro~ ' 0,:11101 - pouud. per hour 

M - _ It a 1r fl ov t h r oU&b e n, l al pound. JIl l" .. oaad. 

'W \ brou ll "11gb - de",'e e 

In l,' d. nl lt( (cl,n. l t y a t ol ltn~r Inllt ) poUAd., 
.. c ' p.r It . 

)II' -.n1told pr . ... u re _ luohll of -.erclU'Y IIbltOlutl 
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PI - atDOepl:'rl prluu..-e - ;'I"o llure a\ lul lt of a1U1l1a.r1 
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a. 
b 
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a. 

f ( ) 

.a_nt of lMrUa coeffl ol.nt - 0"," u .1I 

.a_nt of llM1 ~Ua ooefflc1eQ t C/'( u ll 

_.allt of 1:wrtLt. eoet! l clent - 0% axll 

. ir d.nllt,. (. t l\.l!dArd. ... l .... el) - pou.nd-'110 ~ pe r no" 

- alr d.o.lt,. ( . t andar d a t alti tuda) _ pound_laeli! per ft .4 

- d.. n.H y rat io 

- a l t ltud. _ ft. 

TalooHyof '0uM. - f t / .. c 

- . l hroll dherpnce . peed. _ rt / . ee 

- IlaCh lltulb.r 

eo.ffl0 1.Q\ of t round. fr lctloQ 

ball blUlk angle - de,r'" 

- co rrectloo faeto~ t o pl t cbl DJ; &Ollent dua t o ai ~p:'~ _ _ 
...... ~ ~'"1l'.;t'tr.Hri'i'c ...... ~ t :r - - -

- co~~.c t ion fact or ~ o ya~lng -o .. o~ du. t o .1rp~e 
.truc tur~ de f lec~l on 

- dadOlat .. 1\ l unc ti o," o! the Ta~U!.ble In () . 14 
ceMl~al f'Cl p~e.8ntrd by n 0\U"1" or fu ily of curTell. 

'I . t c . - ea r odynAmic conet~ t . 

Nt . t c . - ~U&l •• tt10& conll~l\nt. 

SDIBOz.s l2I J:IIGUji JQDtT10. S 

• d.lIplM. MQt of en,;1ne - cubi o Inche . 

• an,l n. rtl Tolutlon. ~r 11111ut e 

n - an, l Qe r ... olutlon. per .. oond. 

Q ~ .. air flov th~ough 'D.4!: 1"" - pound. pe~ bour 

M - . .. air flov through . n«lne - poUDd.. pe ~ "00'114 

'1f t bro n l •• ",11 - dasr'" 
- lnl . t d.neit, (d.en.Hy a t oy UQd.e~ Wet ) POUQd. . _ 

lIe lil p.r f t . 

JG> _ -.a.1.told pr •• w.r. - hehe e of W!roury ab .alut. 
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Pc - P"uun drop thro~h el\l"1Nnt l,l ~ - 1nc.h ... o! llt ~c\U",. abaolut. 

PI - atcNuJlh'r. p,.. .. u..-e - pl"CI uure at lnlat of a\U.U la.rl 
. tace - Inche. H, ab.olute 

P2 - :f ~'''un At 1Z.1t. of auxllury .ta,g-e - 1ft B,; a b. oluh 
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lIO_a\ of i_rUa CGllftio1'lI t - 0,.. u:1I 

lIO"nt of 1nertia coeff1c1eQt _ Cf'( u:1I 

., .. at of 1oart1.a cHtttol.n t - 0% ad, 

all' d,o,lty (, t andAr4 .,a 1,.,,1) _ pound-.eol! pe r t t.4 

- a.lr 4,0,lty ( ,tandard a t altitud.) - pOund-.ICIl per tt .4 

- deallty ra~ 10 

- alt itude _ f t • 

• elooi ty at , 0un4 - ( \ / ,ec 

- a ihroo 41.erpoc, . peed _ rt. / .. c 

- IIaClh aUliber 

coe(rleleQt of ,round tr10t100 

ball bAnk 1UI&1I - de, r", 

- co rrect1OQ tact or ~o pHeh1q s.ollll!!a t 4uI t o .. lrp:'~ _ 
_ t .-w,; t-U-. i-d.ri"tIr ... ~ ttU" - --

- eorr.e ~ lon rfte~or ~ o yA~lng -o .. ot 4u. t o .1rp~e 
,truc ~ur~ 4e r lec~ 10n 

- 4.d~h' ft !u.nctlo:l of th •• Ar1~ble in (). 14 
IfIMiral ropre.6nted by n 0\11' . ' or funt of our1"II" 

'I e to ._ a' rod~o oon.t~t. 

Nt II ~ O . - =aDual ,'~tiQC con.~ ~nt l 

SnmoLS ru 'WOlin: lQ,0ttlOWS 

• 411p40'IIIQt of en,;lne - eub io inob. , 

• ea, 1.o., u .,olutlon. per IIIlnut e 

o - eOl10e rl1'0lut10n, per IIOOnd 

- ... all' flo v t h r ough eD.4liM - poUDl\. per bolU' 

M .. e, air fl ov t hro\l&b In,1DO poUDd., pe r "OOM 

,.. - t brou h ,,,,,It - 4ep"" 

1011 1. 4,n'1t{ (4ID.i ~y a~ oyl1a4er 1Dl'~) pound , 
tlOIl pe r ft . 

)Q> - ~1told pre'lW'e - bohe, or -.ercury abltOlQ.t, 
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P, - pressure at exit of carburetor - pressure at inlet to 
main stage of supercharger - inches H absolute 

P4 - pressure at exit of main stage of supercharger • MP 

R - correction factor to IHP 

1HP - indicated horsepower 

FHP - friction horsepower 

SHPy - supercharger horsepower for main stage 

SHPjt ~ snporcharger horsepower for auxiliary stage 

ABP - horsepower increase due to decreased back pressure 

3HT • - br-Aks-<4-..r3cpawe? —~~~. ,.,. ... 

PHP - propeller horsepower 

ft.H. - gear ratio 

D - propeller diameter feet 

J - advance diameter ratio 

C_ - propeller power coefficient 

Cfc — propeller thrust coefficient 

A - propeller blade angle - degrees 

Tja - adiabatlc factor for auxiliary stage 

y a - adiabatlc factor for main stage 

ICAO - constant -*48 5 S O ^ , 

j - mechanical equivalent of heat 

tj - Inlet temperatures to both auxiliary and main stages 
of superchargers - assumed to be constant - absolute 
520 T. 

1 

CQ - specific heat of air at constant pressure 
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- 52 -

• 

-

USTIlIC'1'l:D 

''''' Report. l1-54 . - 25 .. 

RevhloD 1 

P, 

I 

lIP 

flIP 

,.,.. 
Slll' • 

A lP 

_ pr •• 1UnI at. e :dt. or cfIl'bure "or - pre •• ure at lnlet. '0 
M1D ,~ap of ,l1percbal'g.tr - 1l'1Che , R« e.b.olut.e 

_ corroc t. loD t act.or \ 0 IKP 

_ frlctiol1 hor&epo .... r 

fHP _ propeller bor&epover 

O.ll. _ «.ar ratio 

Dp propeller d1aQllt.er feet 

J _ adV&llCe d.1amettr raUO 

cp _ propeller power c oeffic ient. 

C" _ propeller t.bru.t. coeffl01l1l\ 

(l - propeller blde a nele - d'g'" 

~Q.I _ ad.labat.1c factor for au1111 ... r1 ,t.~ 

11 •• 

' .. _ oon'''8ll'' 

fac t or for 
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SSO"'l, 
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A, B, 0 are ear th axes, 
ok toward north. 

X, Y, Z are body axee, 
ox toward airplane nose. 

f l 3 . 1 - Sketch of Sarth and Body Axes 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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X, Y, X, are body axes 
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APFKNDIX B 

t o 

PHOJEOT 
VHIELWIHD 

(DKVICE RP-12) 

SUMMARY HEPOHT SO. 1 
Apri l 1946 

MOM-LIKEAR COSreiCIEHT EXAMPLES 

— ?>*~f-*4V*-*i^* r .53-l ls?ar s c e f f I s i a s t s arc~' ,jrjl»r.l eraasplss of the 

d i f f e r e n t types of Input data . These examples were chosen as I l l u s t r a ­

t i o n s of the v a r i e t y of s l o p e s , magnitudes and i n f l e x i o n p o i n t s en­

countered i n wind tunnel data . 

The l a r g e s t tern i n the expres s ion for l i f t c o e f f i c i e n t , f i ( « , * i \ T c ) 

i s shown on drawing B-380O0-G f o r Tc « 0 . The curves f o r d i f f e r e n t 

f l a p a n g l e s , S F , are approximately p a r a l l e l and s t r a i g h t up t o the s t a l l 

p o i n t . At the s t a l l po in t the curves are not very c r i t i c a l f o r computa­

t i o n s in the ana lyser s ince the s t a l l c o n d i t i o n w i l l he handled empiri­

c a l l y and the curves w i l l be modified a t t h i s p o i n t . 

^ ( o t , B^), drawing A-380O5-G, shows curves which c r o s s each other . 

I t w i l l he noted that the cros s -overn occur at high mach numbers (above 

0 .6 ) corresponding to high a i rp lane speeds . This c o n t r i b u t i o n to the 

l i f t c o e f f i c i e n t i s l i m i t e d to low angles of attack: s ince i t i s impossible 

to f l y a t high a n g l e s of a t t a c k and high speeds . 

t7($R,%), drawing B-38008-G, i l l u s t r a t e s a smoothly varying 

funct ion whose curves c r o s s at the o r i g i n . This c o n t r i b u t i o n to the 

t o t a l drag c o e f f i c i e n t i s small or n e g l i g i b l e in normal f l i g h t but may 

become a s much a s 50£ immediately a f t e r an outboard engine f a i l u r e . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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- ___ .~ _~..,~. ::= :r-l 1.~u eee! !td .e::h t:.: o- ·n !~ ... l eUAlp:!. ' : of t~ 

41tterln\ '1P'1 ot !.apt 4.a'.. 1't»1e IUJqIl ..... NO cho .. n •• illu.tra_ 

H an. of t.h, Tarbt,. of dope., -.c:1H.u.d •• and innlzion point, .~ 

cO\UlUHd 1n vlD(!. \uanll uta. , 
n. arc .. " ~u b thl •. q u· ... lon tor Ult coertlclut. , t 1<" ." ,te l , 

11 e.hoVll on draviDC J-38ClC1G-G tor to • o . !bt ClUT,' tor 41.fhru.t 

f 4p ~l ... 'F , are app rod_telr paralld .114 It r.ish" u p \0 ' hi , t.&11 

po int. At. tbe , tall point the cur ••• art not. .Irr oritical tor co~t.­

tlon l in t.he aaall'.r ,iDe' the , t.ll ooD41t lon '11111 be hAndled Implrl­

oall1 ADd th. our ... wl11 b, .odl(114 at thi, point. . 

t4 (~' 1Izt). u • ..,1n« ..... 38005-0. , .bov i 0\1.1'"' which ero .... ch oUll r. 

h '11111 be Dot-ad. that. thl c r OI_OTer'. oceur at IlI#I _ ct! nullblr l (abo .. 

0.6) corr •• pon41A1 t o hleb airplane .peed,. !bi, cont. r l bqt. loD \0 the 

11ft coefHcil nt. is l1alwd \0 10v ~ .. of .\tack line' it 11 llpO .. l'11h 

\0 tiT at b~ aa«l • • of . " ack aDd blth . pe.d •. 

f7{ " .. , J ), IlrI.w1q a-aa~G. Ulu.\r.tt, • poot.b.l , ,..r, i lll 

fUIICUCI1 wbolll cur,.,. croll ,, \ \he or1t;1a . 'rhh cCII\ribuUon \ C t he 

\ ct.1 dras coe ff ici. nt. i • • -.11 or 1I1,1iClbl. 111 nor~l f 1 lch\ ~~ .aJ 

beco_ 1.1 a.ob I.. ~ 1_ll ia\111 after au o'O.t bot.rd. ' D4::1R. faUurl . 
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to 

PlI:C.IJJ;O'f 
'lBaLWllID 

(DIVICI U . 12) 

SUMMAlt BEFORt 10 . 1 
.AlJrl1 1'H6 

-.;tha- ..., ... ~ ::;=;r-11~a: =ee!!td.lI::;h t:.!' ... · if! !J'\!. ~:tuIpl"- ot t~ 

41tterln" "lP" ot lnpu" 4.a ' a . T~18 lI~le, weN cbo .. n a. U .b.tra­

tlon. of tb. "ar1'''T ot dope., -.c1:l1t.udtt. aD4 lIltll:.:100 poLD"" .~ 

c 01UltlH4 in .1.114 \u.anll U"e. , 
~ larc .. " t.eu 1A tb, u:prl .. ioo tor 11ft. coett1ciu \ , t 1( " ." .1'0 ) 

11 ,benllll. OD. dr.vi De i-3~G tor f~ • O. 'tb. OIU"" tor 41tterlD.\ 

tlap &1\&1 ... 'F , are approd_hlr pareUIIl all4 .\reish\ up "0 "b. ,tall 

po in\ , At the ' ''ell po int the cur",. are no" "erl orl tic_l tor CO~"e­

"ion . 10 "hI aQa11l.r .iocI tbl I tall coDdl\ lon . 111 be bandl.4 Implrl­

callI ADd "bl OUT"'I . 111 bl .edIt l i d a" tbi. po iD", 

t4(~' lin). dra. ltIlt J.-38005-C , .bov i CUT"tll wh lch ero .. 'aeh oUler. 

It. ,,111 be no""4 "het "h i erO I_o"e,. occ.ur a\ I:IldI _ c.h nullblr . (abo" 

0 . 6) correlpolltU lli t o hlp alrpl e.ne epeed.,. !hh ooo"rlb11Uoo t.o "hi 

lln coett1c1l nt h 11.1\-III. to 10" a.D«l" ot aUack d acl it 11 1I1pOll l\1e 

to tIT .t h14b e.n«1e . ot aUICk IUIl1 hl&h . peld •• 

t7( "I.,' ). 4rav1A& B-38~. 1l1u.trah l a uoo"hIT "arTiAC 

tWlOUon "holll Curvl. oroll at "he orl«b. '!'hit cOlltr i buUon "0 "b. 

t otal dr"" ooettlcill1t 11 1-.11 or • • , 11,iblt in lIorMl tllpt 'eNt ~ 

beoo_ • • -..eh •• ~ i __ llla".l)' afhr a u outboArd. eo.c111. tallurl . 
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--~--f-*~ ~:~l1.e.c:u =eet'rt:!ac.tI c.: ... · iF ~iS~ EUJqI!" or tu 
4.U'teren" '1P" of 111.put d.at .. . '!'t»118 '1aJIPlee we rt ohoun a' U .b .• tra­

tion, of the Tarh"l of elope., -.c;nH.ude. aDd 1nfleUOD point •• ~ 

C01Ul\trtd. 111. .1.D.d. tuan..l uta . 
o 

'the larc .. t \tu 1a th. '%pA .. ioD tor u n coetflciut, t 1 ( . ," ','ro) 
o 

18 aho-. en draviae J...3~G tor '!'O • O. 'the OVT .. tor d.1ihrlllt 

tlap &11.&1 .. , 'F , art approd_ telT puaU. I .114 ,traisht up to the ,t.U 

point . At the ' tall po i n" the CQTY •• art no" •• rr ori t i c.l tor oo~t.­

tloa , in the analrt.r ,iQC' the . "all coD41tlon . 111 be hAndled .eplrl­

oalll ADd tb, our ... wll1 b • .odltl. d. '" t h l , point. 

t4(~' lin). dr .. wa« "'18005-G, .ho. , cu.rTV, wh loh c r o .. . ac:h othn . 

It . Ul bt no"'d. tha t th. oro ._o •• re ooeur at hleb ... c.h nu.lIb.r . (,bo .. 

0 . 6) corre.pon41At:; t o hip alrpl ane •• 4 ,. !hit ooatr lb1!.Uoa to th. 

l1n oo.tt101. at 18 11.1\..4 to 10. a.n&ln ot .Uack . 1oc. it 11 1tpo .. l\lt 

to tb .t b1f:b an«l .. ot .".ok a.o.d hl&h . pa.h, 

t7< " . , ' ), 4.r • • 1q B-38~ , 1l1u..trat .... ...oothll T.rline 

tUAOtion who Rt c~ •• or o •• at t h. or1«11!.. 'h1 . oontr1but 1on t o t be 

total 4.ra« ooettic1ent 11 . ... 11 or a,,11,1blt 1a .or .... 1 t H,b\. but ., 

beoo. a . -..ch a. ~ 1 __ 41 .. , .1)' attar . 11. out bo,,"", . ,,,,In. t.1lv • • 

L 
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f ( « , Tc - T' ) , drawing JU-38046-G, i s a function which Is 
!3 2 3 

d i f f icu l t to represent as an analytical function and, If represented by 

a function table, presents d i f f i cu l ty in interpolation In the region 

near the origin. 
f 19.(8 , 6R, ^co+J' Rawing -&-3B053-G, i s typical of a family of 

0 'O 

curves considerably different from the other curves discuteed. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

Dml~IED - .. -
cl1ftleuH. \0 "apr.put • • &.II atIllIJl\leal tlUlCUon aM. if repr ... ntI4 bl 

• !unction t,bl., pr •• ut, difficulty in ioterpolation in tba rl,loD 

nlar tbe or l,ln. 

T' ) 
(:2+3 ' 

draw1ne ~G. 1, t1P lee1 ot • tamill of 

- 59 -

""""","1 ED - .. -
41!tlcult \0 npnellDt • • all IULIlIJ'~ leal IWIoCUOII .M. . if rapr."Dt .iS. b, 

• ~tlol1 t.ble, pre_ntl dlfflc~lt1 10 interpolation 111 tba re,toD 

n •• r tbe ori,ln . 
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n_..qnIED - .. -
cU.!tlcnJ.t. U r'p,....,ut .t &II UIlll~lCAl fWloCUon 6114, 11 r.pr ... nh4 b, 

• taocUou ".Db, pre .. o"l 41f!1cu1"1 1n lo\.erpoaUon 10 \.ba n,lon 

Dfar t~ orl,ln . 

r 19( 15 , 6 a. 'l'~~3)' clraw1tl1 ~G. 11 t1P1c,1 It • (d11, of 

c\U' ~ •• coull"rablr 41ft,reD\. (roa the otblr cur .... 4hcll • •• d . 

- 59 -
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APPENDIX c 

to 

PROJECT 
WHIRLWIND 

(DEVICE ar-12) 

SUMMARY REPORT NO. 1 
A p r i l 1946 

TWO-STAGE POTENTIOMETER MULTIPLIER 

A s i n g l e - s t a g e potent iometer m u l t i p l i e r Is shown e$ Sketch 1 of 

. th» ^n l lny lpg page. .. .I^jrat A . t p supplied *«.. *r> •> i«c tr l ca l -"o , *ag* 

and Input B I s converted to shaf t r o t a t i o n by means of the servo system 

using a feedback potent iometer suppl ied with constant vo l tage E. The 

product, C. I s obtained as a vo l tage output , f o r a g iven vol tage input 

A, an error In C i s introduced by Inaccurac ies in the r e s i s t a n c e e lement , 

by back- la sh or l o o s e n e s s in the c o n t r o l shaft and contac t assembly and 

by lack of s e n s i t i v i t y a r i s i n g from a f i n i t e number of increments In 

the r e s i s t a n c e element and from the dead (one in the servo system. 

Since e r r o r s due to these sources are approximately c o n s t a n t , that I t , 

independent of shaft angle B, whlla the output v o l t a g e i s proport ional 

to B, f r a c t i o n a l errors In the output are upproximately i n v e r s e l y p r o ­

p o r t i o n a l to B . This l i m i t a t i o n becomes s e r i o u s when one attempts t o 

cover a wide dynamic s ignal range . 

The two-stage m u l t i p l i e r extends the u s e f u l range of s e n s i t i v i t y 

by us ing two potent iometers i n cascade . Such a system i s i l l u s t r a t e d 

in the second sketch . The f i r s t potent iometer s l i d e r Is driven through 

the s c a l e f a c t o r angle 1/K whi l e the second se t of potent iometers p e r ­

form the m u l t i p l i c a t i o n l B ' ) ( l / K ) . Because of the corresponding 

connect ion of the servo feedback p o t e n t i o m e t e r s , a ng l e B1 equals the 

scale f a c t o r K times B. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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US'l'lUC'lll:D 

.r'ROJECT 
VHIlU.WUro 

(D.,"Vla aI-Ia ) 

SlDIKABY iEPOaT HO. 1 
Ap r il 19.6 

j. .1 D«1e-.~~ potent iome t er multipller 1, &hown ~R_Sketch 1 ot 

t}'l_ f ol l'l.'I' tl' ': p~ . . J.':'!'Ut A .. U. \ll1p!,l1 ,d lUO.....n " '''ctrte!U _ '' o'~a::", 

and 1o,put B 11 e on."rt..d. to tba n rotaLl OD by _ani ot t he •• n o .,..t •• 
ulin, a f.,dback pot'Dtlo~t.r IUpplt.d Yl~h COOltAQt .,ol t a te i . The 

prClduet, C, it obt..,1D.t4 a l 8 't'oltllge out put. for a chen 'Ioltage inPu.t 

A, an error in C it introduced by iQl!lCcurae1e, 11:1 the r ,l1 l1tanct Illl:lllnt, 

bT back-l.eh or looNne .. 1n the control thfttt and. contact ..... bIT alI4 

by lack of .lodthHy arld,,« fr OIl a ttllth l'luaber of Incrl=enh 1n 

the rlll,h,Doe ,lullo\ a.n4 troa ttul d,ad. t ontl h I the •• ryo 1)'1' 111 . 

SIDCI errore Aue to tb ... l ource. ar. appro.zlma,.ly con.tlUll, t~t 11, 

Ind.lpeDd.u.t of &hAtt a.o«le B, ..-bUd th_ output 'IoHa«' 11 proporHallal 

t o B, tract Ional error. in t b, output art .ppr011~~lll lavlrlill pro­

portional \ 0 B. 'rb h U .. UatloD HOODU Mrlou. vhin 0111 ."IIIP" to 

oonr a. wide d.yDa.a10 d gnAl rfl..D.«tl . 

ftl. t_I~~ .uUpl1er utlndl \hl u .. M ra..n.p of .. ndt11'itl' 

bl \ldag h o potlll'ioQlUre In c • • cadl. Such a .,Itell 11 Ulultra.\,d 

1:1 ,y M cond lke\ch . n.. flu" JIO"'nUo""'r 111d'r 11 41'11'111 throucb 

' hi Kall tactor 1UlC11 I I I wh U I the 11001114 "' ot JIO'lnU o_"I,. per­

tor. the wlUpl1catl on (B ')(l/l). Beca.UII ot \be oorr .. poD41q 

OOIlDICUOD ot thl leUO t .. d'bftck PO~llIUOII:II\I"'. 'nch ;a' l qual. the 

ec,le fac tor I 1.1 •• B. 

------
I 
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W'H lBLWUro 
(D:.."Vla aI-U) 

SlJ)O(ABY lW'ORT 80. 1 
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j. tlDCle-tt"£8 potilltlo_ter IIUltlpUtr b ahown roR_Sk.etc~ 1 of 

ttl .. f ol 111't' 11'r; ~ • . J.':'!1Ut A .. t, ""I"r'lted AIL ' !! "'"ctr ical . ''o'lll.t.:''' 

and lo,put B 11 colt".r~d to .batt rotattoD by me.ln of ~he •• no l:rlt,. 

1181", a t •• dbe.clt po"lntloDtt'r su.ppl1ed "l~h COlulNllt yolta,.. i. the 

prD4uct, C, 11 abt,1.D.td a. a Yoltllge OUtPllt . FOT a Chilo .olt~ input 

A, aD 'rror 111 C I, introduced by lQaCcUTael,. 10 tbe r •• l,~aDC' Illceot, 

'111 bac:k-llnh or looMn.e .. 1n the oontrol .batt and. contact a .... bI7 atId. 

by laclt of MIlIHhHy ar1l1n«" f r oa a (1nlu nuaber of locrll:llDh in 

the rlll,taDot ,b_Dt W trot t bit 4,&4 t ODe h . tbe "1'1'0 IYlt, •• 

SIDOI .rrOr. du. to th ... louree • .rt approalmatlly OOI1.t~t. that II, 

Ind.tpeDdu.t ot IhAtt a..D«le B, ..mile the output 'IoHa«' 11 proporUonal 

to B, ! raotloMl '1'rOT. 1& tb, output &r8 approJ.!_",1, Il1vlr .. lJo pro­

portional ' 0 ll . Tb h It..Ua'lon HOO.I .erloul wban olla a"a..,,, to 

oOt'n (I. wldl d.ylI.all1o I1gnal rA..D.«t'. 

1'M t_.t.a,. -.lUpU.r u :t.ands the ~tul rfl..D.C" of s'D shhh¥ 

\1' using hlo potuUOD,lUrs ln c, l ca4s. 5uc.b. "'It._ 11 lllu.t r.t.d 

1:10 tb. NC01U!. Ic. t ch. 'rbII firs' pot.nHo_ter did'r 11 4rh'n throuch 
tb. scal. t.cur IkDCl. 1/' whih the MCOQ!1 set of pount1o_t.,. p.1"­

tor_ the ..uUpllca.tlon ll ')(l/l) . BeC6ll .. ot tbe corr .. pon41Q& 

cOIln'cUon or tb ... n o t .. dbAck po~.nUc_t.n. encl ... ' .quall the 

sc.l. t.ctor &: U .... . 

------
I 
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j. .1DCl_' ~&ge potenUo_ t er lIU..It1pUtr b Ilho wn r!'_Ske'c~ 1 ot 

ttl. fol lll.v ll't;~ . ;,,,!'Ut A_U _l1P!'.lt,d ""-.1:1 "'''ctrlcal . '''o' t.a.._ 

and 1..D,put a 11 eOA.,..t~4 foo t batt rotat loD by Qt-.nt or t h, • • rYO 17It,. 

udnc a fetdbe.ck po'lnUo_te r suppl1ed vl~h cOl:l l ltll:l l .ollaC'i. 'l'he 

produ.ct , C. 11 obta~.4 '1 • l'oltllge CN t pat. ror. &heD .olt~ input 

.A., a.D. error 10 C it tntroducl4 by lDACcW'&Che lSI the 1'1I11 11 ~1UIC' II,oent, 

bl baclt-1Ath or looMN .. In the 00D1roi th&tt au4 contact. ..... bl' aDd 

till lack ot .. ndthHy ar1l1n,; frot a (1nlu l'luaber of tnCrt=-fl\1 i n 

the r ... l,ta,uol ,1UIIIDt. an4 fro . 'lui d.,ad. t one h I t.he •• rwo 111"" 

SlDOI errort aue to lb ... l ource. art .ppro.l~\.ly OOOltftDt, that I" 

l'Ddependeol of IhAtl a.D«le I, wbU-, the out put 'IOltfl4l:1 11 proporUonal 

t o B, traotional '1'ror. 1D t b, output. ar- appro.!_", l ), lIIYlr .. ly pro­

portional t o B. !'bh 11..1\aUon "OODIII Mri oul wen 001 a'~I-.p" to 

COYif' a. vld.i d.yD.aaio I~ rl!l.D.l;t'. 

'l'be t.WO-" a", w.lUplllr 1.'lnd. t.he u .. tul rfl.ll.£" ot I U lh lYlt.,. 

'II,. v.lin« '"0 pot.n\10a;lUrs In oa l eaU. 5uch • .,.Ite. 11 Illult ra ted 

1:1 tb ... cond lutch . fbi first potanUo.ter .lid.er 11 4rhiD t hroucb 

\hI scale (actor II.DIl. 1/' \llh U . ~M .. 00J:14 .. t of potI\loUO_'lts ~f"­

tor. tbe .u.].t.lplicat1oD ll')(l/l) . Bticau.e ot tbe GOrr .. pon4IUC 

GOIlA.cHon ot t hl Nno t .. 4bfl.ck po~.tlUO:lllteri. -ncb .I' .qwo.1. 1 the 

lOeb t.ctor I 1.1.1 I . 

------
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KBKUOSD 

In operation, ehaft positions l/K wil l be adjusted to maintain 

shaft position B' well above the level of minimum sens i t iv i ty and 

noise. Shaft posi t ion l/K can be adjusted at the beginning of a 

particular computation to provide the proper scale factor for the 

following series of computations. However, as was planned for this 

analyzeri the shaft position l/K can be continuously adjusted by a 

servo system loosely coupled to shaft position B'. Such coupling 

system must be made through potentiometers, tachometers, and limit 

stops to properly coordinate the operation of the two potentiometer 

s e t s . 

The objective of the cascaded two-stage multiplier i s primarily 

to increase the range of sensit ivity rather than to improve accuracy. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Ia operatIon , IhI\!\ poIU, ionl 1/1. vi11 be adJulted to Ql,1atahl 

ebAtt poahlon B' wall above the leva1 o( a1nh:u. lena1thity and 

Doiee. Shah pol1t1on III can bt adJDlhd at the lIe&lnnlDfj: of • 

~artlcular co-vut~tl on t o provide t he proper ~.1. (actor fo r t be 

fo110..,111( I.rlel of CO.-putaUonl. Howevar, al V.I p1anoed for thll 

a.ILII.lyur, tb. lhaft podUon I II can lie cOlltilluoully ad.JUlted. bT • 

.. ryo 1,.ltelll 100 .. 1,. coupled to IMft podtloo ) 1, Su.eh coupl1n,.; 

It l t ell aut be -.de thra~ potlnt1ooehra, tachOlllllttrl, and. 11111\ 

atop. to p roperly coordlnat. the operation of the two potentlo .. ter 

n. obJ.c the at t he cuca4ed tVO-I t"«8 IIIUlUpUe r 11 prlllal'lly 

t o lecna .. thl Ta:I4;e of " odthit;," rath.r thlul to Il1pr o'l'l accuracy. 

- 62-
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111 operation , IMf\ poI 1Honl I II wl11 be adJu,ted to Ql,lata111 

ahAt\ poelUon ill wll abo.,e the b.,el ot l11al.w.a 'en,lthhl &tid 

lIo1.a. Shaf t postt1011 I I I can be a.dJIIIUd. at to M 'CIe&lIInlI11!l: ot a 

partlcular co~tAt l on t o pro.,ida the proper ~.la t actor tor t he 

follo~lD£ ,.rle' of co-vutatlolll, However, a. ~ •• planned. for thl, 

anAllser, the ,haft po.l t lol1 I II Call ~ cOlltlnuou11l adJu. t ed bl a 

eer.,o ",'\' 11 lQoee1l coupled. to ~t podtloa )1 , Sueh coupl1n,; 

It . tell _.t be -.da thro~ potentlooetlrl , tacholllu'rl, and. lll1tt 

.top. to properll coordlnat. t he opera . l OIl of the t wo pO ' elltl o .. t er 

• • to • • 

1'ba obJ.o th. ot t he calca4e4 tvo-lt"«8 lNlt1pl1ar 11 p rl:a&rlll 

t o l.11craau t he Ta:I,£e of lIoI1 U l'1t;t rath. r thM to lilproll'l aceura c1 ' 

_ 62-

111 operation , IhI\!" pol1t.lonl 1/1 wl11 lui adJult.a. to r:allltah 

ahAtt pol1tloll 8' .... 11 .bo.,. tha Ine1 or l'ilnl.w.e lenl1th1t;y end 

nol .. , SW" pol1tlol1 11l can be a4Jultid at t be 'ba,lnnlnt; o! • 

particular c0-vutAt l on t o proyld. the proper ~.1. factor (or t he 

(ollo~ll1£ I.rl., of co-vutetlon" However, a' w., planned for thl, 

8A.Illyser, the .haH pollUon III Call. bI oonttnuoull;y a.clJulted by. 

",ryo 1,..t'li 100n1,. coupled to IlMft polltloD III , Sueh coupl1llf: 

I1 l ttll •• t be -.de tbroU«h potentioDeterl, tacholin'rt, alI4 lillit 

,top. t o properly coordinat. the opera t 1on of the two potentlo .. t lr 

.. to •• 

Tba obJ.ct lY. ot the cucded tWQ-ltA(e IIIIllUpl1lr 11 prl:aar11,. 

to lccre," the r~ of Mol1 t h1t:f rather thM ~o lepron aCCUTllcy , 
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THSQHEMCT-aSULATEp SERVO 

An e l t ic tro-mechanical computer r e q u i r e s numerous servos to dr ive 

i t s mechanical e l e m e n t s . For a r e a l - t i m e a i r c r a f t ana lyzer analogy 

computer, the requirements for these s ervos would be p a r t i c u l a r l y s e ­

v e r e . 

Wherever f o r c e s and a c c e l e r a t i o n s are converted from e l e c t r i c a l 

signals to the mechanical positions of integrator carriages or multi­

p l ier potentiometers, servos must be used which are capable of follow­

ing the rapid fluctuations possible in these variables. 

The approximate specifications for the type of computing elements 

being considered are: 

1. Peak power outputs of about 100 watts 

2. Low standby losses 

3 . Very high stat ic accuracy including high s t i f fness 

4 . Extremely good transient response including high maximum 

accelerations 

5. 400 cps data 

A short survey of readily available servo types discovered none 

that showed promise of meeting these requirements. Instead, a new type 

of servo was developed ut i l i z ing the desirable characteristics of a 

frequency controlled low s l ip Induction motor. A block schematic of 

th i s system Is showr. in Drawing B-30010. A frequency controlled poly­

phase induction motor i s desirable for the following reasons: 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Ao. e l olctro-bIICh.ll.l\lcal cOl:lpUtu' TIIQ.ulret IIWD1!1rOUI HrYOI t.o 4rht 

a, meeru..nical ,1I_0t.t. 'ora real-UN alrcrt\1't. .!!.Alysa r anlllou 

c o.pule r, the requlTUlllllltt tor thest! "'1''1'011 woul d. b, parllcul,rly .. -

•• re. 

Where"el' f oro •• and acce l eratioDI Are 000"'1'\114 froD 1110tr1cal 

d~t t o thc IlecbaDlcal poliUoo l of 10u&l'.\or carr~1 Or alHl­

p11.r pot,ntio_tlre, •• rYOI -Ult be u,.d. wh ich art capable of (ollolt­

ina: t.he r apid fluctuation. po .. lb!e 10 t h.le "ar1abllt . 

tbt .pvro~l .. t. l pecltlcatlool tor the t,p, of co~tll1« ,l'''ott 

baing 001l ,1d,r.4 art: 

1. Peak power output. of about 100 w~tt . 

2. Low ,tlUldby 10 .... 

J. Vt r l blth .tat1c acc~aol luclu41G« blah ,titte, •• 

•• ),1:1\1' ... 11 l00d trandent. retpOtiM Inclu41nf; hiP. IlU:UNa 

.ce,l'ratlonl 

6. 400 Cpt data 

J. thot't. .urt'ty 01 na4lly lI .. enabl_ "1'''0 t)'ptl. dhcOUTe4 J:l OJle 

tbtl.t .howd pTOIIIJ. •• ot .... UI1, the .. T.qu1n_nt •• hat.ad. a n. w t)'pfl 

ot t.eTVO w. d..nloped uUl1r.111C th_ d.lI1Tllbl. chllractlThtlc. ot II. 

tnquenc), coo.tToll. d low dip indUCtiOD IIOtor. '" block .eh_ ... tio 01 

thit ".tta 11 ahovn 1D Drawin« B- 300LO. .&. tl"lquel1c1 cOlllTOll.4 polT­

pha .. 1D4uctlon .0t OT 11 4.I1Tabl_ tor the tollow1", T'.'Ott.: 
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Au e l olot.rO-ll:IIcbanleal cOl:IpUtll r re<!.ulret DUlDlllroue aerYOI t.o 4rh. 

a • ...,chAnical .11..-0"" l or fI. :reld-UUII fl,ircr l\f t. IlllAly'llr aDll.lou 

co.puter, t he rtlquh· ... llt. tor the.e -.frve . OIou14 b. pllrtlc:ul" rly .. -

Wher.YeT t oro •• fUl4 aoce l eraUoo, &Til OODYlrUd. troll e lectrical 

I1snal. t o t.he: mechanical po llUoo e ot l:oUuet or carr1~' or .,,1\1-

plhr pot,oUc .. Ur e , .. r.o. -uet. b. u,.d ",b l eh are cape.bl e ot tollo,,­

in« t hl rapId lluo tuat.loul p o .. l ble i D t h ... "arl.bh, . 

the apj.lrO,;ll1ate epec1flcaUoo t tor the "1)1' of c O!lput.lnr; d._lit., 

being con,ider.do are; 

1. Peak power output. ot about 100 ,,"tt, 
2. 10 .. , t&nolby 10 .... 

J. Vt r y bllh .ts\le .cc~ao1 luciudlo« hl&b ,title ••• 

•. l1,;tr ... ly , Dod. trLOstlOt. re~on .. loclll4l..a.t; hlp IlaSUNa 

.cc d_ratione 

6 . 400 Cpt ~t. 

J. thort. .une), of r la41l.)' .... Uebl ... r.,o t)'ptl. 4hco .. "e4 JlO,,", 

~h.lt ,how e! P"OIll1II1 of "1~lng tb.,. ".q,u1" ... 0~. . II1,tl&4. II. n. v ~rpe 

of "rvo w, d.."'lo~d. uUlhlnc th. 4e11"e.bl. chal'e.ct.rieUc. of " 

frequ.acl cont roll. 4 lov dip lQductioll IIOtO". ;. block eeh . ... ~ill of 

t h ie ."tt_ 11 ehovr.. 1.1l D"e.wln4; B-JOOIO. ... frlquucl cOll.t r oU.d. pelT'" 

}Ih8" 1D4uction _otor 11 d..dre.U, for the f ollovin« rll •• OD. : 
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An olol"tro-_chft.nlcal cOl:IpUh r requiree IIWDerOUI prYO I \0 4Th. 

u. .... chAni "al .1I ... otl. 'or" TIIA1- t ilne (l,lrcrf\f t ADAlyser aDl'llou 

co.putttr, the ",qUlrl .. lltl tor the." IIU'VO_ would b. pArt lcule.r ly .. -

WheT.yeT t oro •• and aOOl llrat loo, Arl 001l" ,r"14 rro~ I leotr1cal 

d ,;:o..1. t o t.hc _ohILD!c.l po d Uoo I of InU~.\Or carr1a&e1 Or .nHl­

pIt-r pot tIlUo_t .,. e, " ''''01 -u.t 1>. uled wh1ch are cape.ble of tollo..,.. 

1n& t he r apid tluotuatlool poulble U! t h, ..... ariabl .. . 

the a PVTodllate l pec1flcaUon t for t he tnt of COiipu t 1nf; d ."ot t 

bl1nt cOII , 14, rI4 are : 

1-

2. 

3 . 

•• 
•• 

Peak power output e of about 100 .. ~t t . 

Low , t aAdby 10" ,, " 

Very hllb .tat le .cc~ac1 lnclud, l na hl eb Itl[/e • •• 

l: .. tre_ly ecod t ransl ll1\ r8!1pon .. ll1clu4~ b. lch ~111\1a 

.ce llerat ione 

400 Cpt ~t • 

.nne), of rldll.)· Ivallable "1'1'0 t)'ptl. 4 hcon re4 DOM 

t~t. . howe!. prollll,1I of ... t.-lng Uw •• r.Clulr ._ot.- •• la. t.eN! • • ne ", \1PII 

or .. rvo wae d.e YIIlo~d. uUl h lnc th. d.ee1r8.bl. cl\arac t.-er t.tic . of 8. 

f requency cootrolled 10'" d ip 1Qd.w.nlon .o t or. j, blOCk ec.b . .... t.la 01 

t ht. " eu_ 111 abOtm ia Drll", ln,; 8 - 30010. j, f requu.cl cor. t.roU .d. pol,... 

~ .. iDcI.uct,lorl .ot.-or 1e ct .. lrabl. tor the f o11ow1n« r .. eODe : 

• oh,'" 
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BiSTBICTED 

1. High torque-slip ratio leads to good transient response 

and high accelerations and stiffness at a l l operating 

speeds. 

2. Standby heating is low because rotor losses are zero at 

s tands t i l l . High peak power outputs over short time 

intervals are thus available with small motors and low 

continuous heat-dissipating capacity. 

Supplying such a motor with varying frequencies requires consider­

able equipment. These frequencies nust vary from a maximum in one phase 

rotation to a maximum in the opposite phase rotation through a l l fre­

quencies in between, including zero. All c ircuits carrying motor power 

must, therefore, be able to handle direct current as well as alternating 

currents up to perhaps 60 cps. 

This requirement i s met by using a beat-frequency osc i l l a tor , the 

variable frequency unit of which i s adjustable both above and below the 

frequency of the f ixed frequency osc i l la tor . The fixed frequency os­

c i l l a tor produces 3-phase voltages a t 'osc i l la tor frequency. These are 

beat against the single-phase variable frequency resulting in 3-phase 

difference frequencies* 

The servo error signal i s detected and the resulting d-c supplied 

to the grid of a reactance tube across the plate load of the variable 

frequency osc i l la tor . An osci l lator output frequency proportional to 

servo error i s thus obtained. 

The 3-phase difference frequencies are supplied to the thyratron 

power stages which supply the motor. The 3 power stages each consist 

of a pair cf gas triodes with a-c plate voltage supplied through trans­

formers. Which tube i s to fire and over how much of a plate-voltage 

cycle i s determined by the phase and magnitude of the osc i l lator output 

voltage supplied. The phase and magnitude of the voltage supplied to 

the motor winding Is thus determined by the osci l lator output, and the 

motor i s supplied with 3-phase voltages of the required frequency. 

The motor i t s e l f can be any polyphase induction motor but one 

especial ly designed for low inertia and low s l ip wil l provide better 

performance. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- .. - • 

1. Hl&h t o rllue-tllp rat10 bad. \ 0 cood tl'anl1lnt ,. • • pOIlM 

and hitb aceiliration, and ,tlrtDI ' 1 at all operat1n& 

apeed , . 

2 . Stall4b.r b,.Un,; it loti becl.u .. rotor 10 ... . Art tiro 1'\1. 

d aAchtlll. Hl&h Plak POWI' output. o .. r ahort H ille 

lDt.r .~l. are t bu ••• • 11able wi t h .mall DO t or . and low 

continuQut heat-d l.s1petlng capac1t.r . 

~ppl)'lnr: nch a IIO t or whh ... arying (uC!.uencl .. requlU t 0011.114111'­

able equipment. !he.e (raquI De 1 •• -u.t .arT t r om II. ~l.u. 1n Dna pha •• 

1'01..1.100 t o • ~Il~ 111 the oppotlte pha •• rotatI on thro~h all tre­

Clueacle . 10 bIot ..... u. IDCludlnt; uro. JJ. l cirouit. c ar:-Tint; aotor power 

1111'1., theretor e, btl able to hlItuUt d irect eurr ant al well a. alt e rnatllll; 

currant. up to perhapi 60 Cpt . 

n,.l, r'l;lU~ru:ent h CIII1. bT u.~ to. ,",at- freCll1ellc'), o,e111.tor. tt'.e 

Tariabloi t rlq.uer::c), WItt. of whlch 11 adJu.tabla bo\ h .bQvI and b.low "hoi 

fre quency ot ~hAI flx,d. frequency o .e1l 1.~or. !be fu,d trequeM), 0 ... 

cl1lator produce, 3-pha,e Yolt~. at'olC111&tor fre queneF ' The,' ere 

be"t "plolt tb, docle- pha .. "artable f,.. qu,ncT ulUltinc ill 3--pha .. 

d U'(erellCl f,..qUllICiee . 

Tn. .,rvo error d«nal 11 d.ltI Ct..d. and. t he l"I ,ultlD& d-c eupplhd. 

to the ,rid of " reactancl t ube aero .. t r .. plate load of tlla l'ariabll 

frl qUlitrIC:Y OIo111&tor. An olC11lator output fuqUllncy proportional t o 

.. r.o Irror 11 tbu, obtainlA . 

1'b. ;,..pbA .. 411ferellce freqUIIIIC1e. are euppUe4 t.o tbe t.hnat ron 

power ,ta«el which lupplJ tb, -otor. Th' 3 power Itac'l 'aob conlilt 

of a pair ct pi trlod,. witb a~ pla te .ol\~ w ppUId. tbroU«b tnan ... 

for.r,. Whlcb tube 11 t o fire aDd. Oftr how mucb ot " plat.'-l'olt.-ce 

C101l 11 41hr.1I1Id by \ be pha .. and .lllt\Pitud., ot \ bl olCll lator wtF.l\ 

"olt."" euppU,A . The pIla .. anA -.,;nU'Od, of tb, yoh~ 1tlpp11,4 t o 

t. he IIO tor wh4i~ h t b1l ' A't'r~MA b1 t b, 0Ie111,,\or oo. t.put. and t.b, 

IIOtor 11 I1IppU,4 wUb 3-pha .. 'fOlta,;e1 of tka reqo.lred frequlllCl. 

!ba IIOtor UIIU Call bl IJl1 pol1Phall lD4u.oUoc -o\ or but ona 

e~elal11 4e,lcced f or low 1.II1,\ta &ad l ow ,lip wl11 pro,,14e bet t. l r 

pertor~ce . 

- .. -

Hlch 'orq.~-tllp ratio lead' \ 0 r:004 trandillot r •• pOI1M 

L114 high accllutot.tlonl and. "l(fllil" at all opera1.1nt; 

.p .. d l o 

Stn4b7 h,.HIIt; it low blcauH rotor 10 .... u. 'Iro " 
'\LII4,t111. Hlch plak po~r output. o •• r .hort tl~ 

lDt.r .~le are tbul ••• llable w1th .mall mo t or a and low 

000\1nuoul hIlAt-d l"lpetln« e.~eltl · 

'u,pp1l1n« ~h .. lIO \ or whb YU7J.ng (req.ulnct., rlQulul COll l tder­

able equip.nl. !hIM trlque nc1et lIU,t .arT trom .. M.tUN. 1110 01101 plla .. 

rot .. tion t o • ~Il.ua in the oppotlte p~ •• rot.tl on t nr0u«n all tre­

Clwt6ele l i ll 'bet .... n. llloCludinf: teT O . JJ.l c l .r cultt c ar:-Ttn.& .otor power 

11111\ , therttor., be .bl, t o 1-.&11411 d irect eurrent •• veIL .t . h e rna"ll1'; 

CurrlDt, up to pt;rMp, 00 Cpl . 

!bt, r.~~rulrnt 1, a.t by U11rI.« .. beat- f reqWllll:")" 010111.tor , U·,e 

.art,bl. frlQUl I:CY unit. of which 11 adJultable bo' n .bov. and klov the 

fn quulI:::Y ot t he f 1xed frequency D.o11le.~Dr. th. fu.d frequ.rIO)' .11,­
clllat.or prGduc" 3-p,all l'GUap' .. 1.·GICU1&tGr fr. quency. Th ••• ar­

Hat 1"",1.olt ~h. Ii.oC1l-pl1"'1 'l'ui .. bll tl'1lqulnc), nlUlti.oc 1..0 3-pha .. 

d,1tflnOCI tl'1lqUlIICil" 

The eerVG '1"1'.111" .1«nal 11 dltected and thl rllul.UD& d-c IIlppU.d 

t G thl ,rid of • reactAncl tube aero •• t hl plate load ot thl "a:r1nble 

tr.qUolN:Y OIG111&tGr . An GIC11lator output tr.qUl ncy prGportlou,l 1.0 

"1""0 Irror 11 tbu. G~ta1nld. 

~ 3o-phA .. 4itllr.ncl tnqu.ucl .. an IIlppl1ed tG tb. thn .. tron 

powe r .t.,;al wh l Gb .uppl, the .111)1..111". 'l'bl 3 po .... r ,,~. '.Dh .110.1111,1. 

.lit • pa1r cf P' \1"106., With a~ platl "oU.,;I; n ppll14 tbrcu«h tran .... 

101". 1"'. Whlcb t ube 1. t o tln and. o .... r hDw cuoh ot • plal.l - " .II1 tlC' 

c)'cle 11 uhr.1nld b, 'be pha .. and M«Dhu.de .li t the DlClllator wtpu.' 

"chace t'OpPUld. fbe pha .. aD4 -.,;DU'ad1 ot \be 'I'Oh..,.. euppl1ed '.II 
u. _tor wt ... UllC 11 , bue 4e'I rll1£184 b1 \ he .II.01 U ator Ctl. \ pu\. and ,h. 

_tor 11 d ppl1e4 wUh 3-pha.1 "cltace' .lit tu r equlred trequlll.01 . 

~ "\.111" Uil lt CIA bl u:t pc11Phall b dQOU.oo .IIOtcr but .one 

1 • .111111, blipld. lor l.ow ulrH. aa4 lcw dip will prC'l'id.e beUl r 

pert.or*-'CI . 

- .. -

Bleb to o rq.UI_.Up ratio ba4. t o 1004 l.ranl1. "" A.pOAM 

11.t14 h1~ .oce1-:lI.t10ll' and. ,1.1((011" at all oper.Un« 

'1*Id , . 

Standby b,.Unt; 11 low bacau" rotor 10 .... are •• r o ., 
.tanchtl11. Hlch plak po ... r output. our . horl. U:ce 

IDt.r .~ll ar. t hu. a •• llab le with .mall mo t or . and l ow 

contlnuou. hllst-d l.s1pat1n8 oa~cltl ' 

5u,ppl),iot; IUC~ It. mot or wIth "u)'in& lreClII.tlch . r.qu1!'. , cC lldder­

able equip .. nt. !h • .e lr.que ncle. -.atl. .,arT troll II. *'IUlaw- In 011. pha .. 

rot,tl oo t o • ~1~ In toh. 0ppotlte phs •• r otat ion throUSh all fre ­

ct_DCle , 10 be t""'n , 1a.cludlnt; ter o . .Lll c lrC\llh car:-Tln.c .etor poW'llr 

Wit , t heulor., bIo .bla to Moille d irect. eurrent at veIL al .1 t., rnat!DC 

curren t, up to perhAp. 00 cp •• 

nh r.~~.r...,ent 11 mt by 'Od .D« II. 'Ma\-freqlMllc')' o.o11ator, U·,e 

"art,bl. t rlllu.tee), Wlh at whleb 11 adJu.tabh botoh abon aM klov t._ 
fn qllalllCl of U:e llxed tu q.u.cc)' D ~lllator. !hI (11.d Ir. qu.noy 0'­

e11L.toT prod.uc •• 3-pha •• 1'0lta,;.. at.' cne11l&tor (nqu.ne1 · '1'h ... an 

be.t ljoOIlJ:I.t t b •• iacll-p ..... 1'arl.bll (",qu'De1 n .ultlDC i ll 3-pha .. 

eli! fI r'nD' ("' qUi DC it • , 

TtMo "rvo .rror '1&M1 11 dt1.l ot.ed and the ruultlD& c!-c IIlppl1.d 

t o the eric! 0( a r aactaDC' \ube acro .. t he platt load o( the "a:r1nble 

(r.ql.WrIC)' OIo111&\ or. An ollClllator output (nqutney proportional \0 

"r1'O .rror 1. tbu. obt.ln.d, 

1'bt 3o-phA .. d11'(.r.ool (r.quancl .. art IIlppl1.d to tb. t.hTratroo 

po~r .tas-. wblob luppl)' tb. IOtor. Th. 3 pover ,t~ ••• ob con.l,t 

o( • pa.1r of p. trioel •• With .~ pl.t. "oU..,.. w ppllt4 t hr0u«b tran ... 

lor.". Whlch tubl 11 t o (1.,. and. Oft r how cuoh o( • plat.-"ol t-ce 

c yole it b,.,.blltel b1 , h. pha .. &lid. IrftPhu.d. of th. oeclllator outyJ ' 

1'oh",. wppl1.d . the pba .. ao4 ~it'Qd. o( thl l'OU.,.. ttlppl1.d. t o 

'hi _tor wla410C h t hu. 4.t.rll1o.4 b1 \h. olol U .tor Otlt put. &.114 \ h. 

_tor it IDppl1e4 with J.-pha .. . ohace . o ( tt. r.qulrd (r.qu.1lC1. 

~ _tor it .. lt e tJ1 b. &Ill polJPha .. lD411oOUoo .."or but ona 

•• pto lt!l, help.d. tor 1001 1ur\la aD4 l ow .UJl 011 11 prol'lc!.. bttter 

pt r f or*-!1C" 

1 



KESTRlCTiD 

An experimental servo of this type was built in a 50-vatt size. It 

proved very satisfactory. With proper adjustment it was found possible 

to obtain transient decay times of the order of .01 seconds with loads 

comparable to integrator drives- Static errors were within the errors 

of the data system and static stiffness wa^ adequate. Measured dynamic 

and steady state characteristics were in good agreement with expected 

performance. 

The frequency modulated servo would be able to satisfy the more 

stringent servo requirements for the annlogy computer. Considerable 

electronic equipment is needed for each servo but the amount is not ex­

cessive in view of the freedom fron weight and space requirements in a 

computer of this type. The amount of equipment ie also largely indepen­

dent of servo rating; changing the size of the servo motor requires 

changing only the size of power stage thyratrons and transformers. 

further information as to the characteristics of the frequency-

modulated pervo may be found in 6345 Reports 74 through 83 listed in 

Appendix &. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

An ellperl"'lI~al ... u o of tt.h t.ype wae built. in Ii 5O-"'"1!. t.t duo It. 

p r ayed very utief actory. Vitt. pr ope r adJultDent it. _ I foun!i po .. lble 

to obto.ln traAlh nt decay t 11111'e of t he order of .01 IICOnd. W1th 101UI. 

cOlll}llU'abl. to lnte,;rator 4rhe.. Static errOl' I Wfl rt with in the error l 

of tbe d .. t " IYlhlD and. ,t" tic . 11ffno .. w,,~ "deqWlt e . "'.ell ,urad dYMClc 

line! ,hady etate Chllrac t ed,t1CI were 1n r;ood p,grtlli!liII:nl wi t h IIJ:l.tc t ed 

~8rfora:onCIl • 

The fNlqUincy IIIOdul"ted SIIno would be " b1e to ~~ l'f;' t he zr.ort 

l \Tl ngent IIIrvo r tqu l l"'6mi1ntl f or t. he BlInl ojg cOllputer. Conl1dlr"bll 

IIlect r on1c equ1pment II needed for lIach servo but t he amount I I not e x_ 

ce .. lve In vle w of t he free dolll f rOD w ight and ePAce requ1rement, tn II 

c oqll· ter of thls t )'pe. !'he laount o f Iqulp~nt 11 11110 l"r,el,- ln4epeD­

dill t of .. rvo r .. ~tn,; cl-.tI.I'-G1D& tt:e ,he of the tterYo IIO t or requlre~ 

<:tIlU"!,,, only the , he of power Illlge thyTatronl "nd trnnlfor_rl, 

Further inforz:atlon a l t o d '" ch.a.racter1ltlcI of t he frequency­

lItlt!ul .. ted 'IIno I;&y be f oUlll! In 6M~ P.eport l 74 UlrcUf:h 83 lll~ed In 

Append u 1. . 
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All "ll}ler1"' D.~&l MUO of n.h t.ype wa. built. ill n 5O-""'I!.tt du o It. 

p rayed "try IRU.fac::~or.)'. Vit.l". proper adJultment 1t _ I found palilble 

t. o obt.Ain tnuu1ent deca¥ tl l!!l'l of the ordilr of . 01 .econd, W1th 10lld, 

COIll}lIU'e.bll to lnte,rator drhll'. Static errOl· ' wre .,1thin the errorm 

of t he dat il • .)'. t.~ ~ Itnt l c ,tiffnel' w~~ ndlQUAte. r~n,urod d)~lc 

lint It.llady et8.te chllre.cur!.~lCI .,eTe 1n /';ood flgrOl"nt nt w1th eXJl!cted 

ioerfor=once. 

The fNQuen.cy IIOdubted UrYO .,ould be "ble to lilt 11f~ t he IWU 

. ~rlnce ll t "rvo r tQulrelllllntl for t he IllInlOjg' cOllptatl!r. Conl1derllble 

elect ronlc eQuipment 1. needed for each ~rvo but t. he ~Ul\~ 1, IIOt ex_ 

c ... he 1n "le w of t he freedo ll! frOIl ...e1 ght MIS I])II.ce requirlment. , tn 1\ 

o oqn.tlr of tht. t ype. !be eaoWlt o f .qulpQlnt 11 "leo lfII.q;:e l y InuJIflo­

de'll of eer"o ra~1nl:; c1"~lZ16 t he I h .e of t he .er" o I:IIHOr requlrt. 

cMtI401", only thlt li tl of }lower sl"~ tr.yTatrolll .. nd trr.nlfoT&erl. 

Furt 2wr lnfor=-.tloll a . t o the ch&racterlltici of t he trequllocr­

CICIt!.ule. ted ,..TYO C8.1 be f oUlld 111 6M 5 !lepert. 74 thrC:l1I;1". 83 U I ~ed In 

Appendu 1.. 

- 65 -

An eX'pltrlmea t ,u IMIrYO of tt;11 t.ype ...al built. ill tl 5O-Io/fttt .ls.. It. 

pr ond Ylry IRU.fM:~ory. WiU. proper adJ',IIl~nl 11. _. founll pOllible 

t o obtl\.in traln1ent deea,)' 11 1!11'1 of the ordar of .01 •• COM • .... Hh 101l.d, 

cOlllJlulobli t o int'p' .. tor drhili. Static errOl I wn wtthi n t.he .rro r . 

of l he datA ,y. te~ ~ ,tnt i e .~lffne., .... A~ "d'qUAt.. ~~".urod dynAClc 

rind Itlle.dy It&t. clll'lrtlCUr1 I tlc. ""erl!! tn l:ooC. N;r";!tlI:r nt ... 1111 eJ;)l'ct.d 

rerfor=one • . 

l')-A frequ.n.c)' modulAted "rifO .... ould be Able t o Il'It llf~ U:e &:.Ore 

e t rlnGf;at "ryo rl'qulJ'ft~nt' for t he anllloi!)' COllJllltl!r. Condderllble 

elee t r enic equipment 1, n,.ded for each eerwe but the II.IIOWlt 1. hot u;_ 

c ... !.vt 1n 'I'lI w of t he fre. doll frell ~1;;1H and. IpllC' requ1rl1Dllnt , tn 1'1 

OOI:)11'ler e f 1.ht, 1. )1Ie. !ha aClOWIl o f .qutpDlnt 11 alto 1.l'Ir,.11 lnd$pea­

dUll of Rr'l'O rat1ll,; el'.tUl(;lll4; t he .1", of t.),e .er 'l'a lIIC~or r.qu.l". 

chAtIfOl", only thft ,It I of pa .... r IUI~ U.yTatrol\' find trnnlfarar,. 

Fur t he r lntorQBt lol1 a . t o t he cl..,.ct..tr1ltlc, of the frequftoc'y­

lItu!.ulatd I04IrYO cay be f ound 1n 634 ~ Eepor11 74 ~U"C\1f:t. 83 111ted 1n 

Append U l.. 
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RESTRICTED 

APPEHDIX X 

to 

PROJECT 
VKIRLVIKD 

(DEVICE BT-12) 

SUMMARY REPORT HO. 1 
April 1946 

Below i s a l i s t of t i t l e s and brief descriptions of some reports 

which have been written during the progress of work on Contracts 

NOa(s)5216 and N0a(s)7082. Missing numbers in the ser ies belong to 

repori^whlch are obsolete or hare been withdrawn from circulat ion' 

Report 
No. Daia 

4 Jan. 16, Two-Phase Induction Motors 
1 9 4 5 A study of the Diehl JTP-49-5 squirrel cage 

two-phase Induction motor as a torque motor 
for use in the control force loading equip­
ment . 

5 Jan. 20, Phase-Sensitive Detector 
1945 

A bridge-type diode phase-sensitive detector 
for use in converting a-c to d-c signals . 

6 Jan. 7, Throttle Valve 
1 9 4 5 Preliminary tes ts of the f i r s t model de­

signed for use in the control force leading 
equipment. 

7 Jan. 17, Viscosity vs . leakage 
1 9 4 5 Studies of a Variable Displacement Hydraulic 

Pump. 

10 Jan. 17, Preliminary Estimates of numerical Value Ranges 
1 5 For aircraft that are to be handled by the 

Stabi l i ty Control Analyier. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

USTBI C'fi:D 

non" 
lfHlBLWUro 

(DiVlCi U-12) 

SUJOWlI BPOR'r »0. 1 
-'Prll 1946 

B.loy h I 1ht ot Utlee and briet 4.eorlptlone ot eo .. Nporte 

wh1ch ban Hln vrhun 4u.:r1.r.f; thl progNIl ot work on COD.trlc h 

~a.(e)52l6 aDd ~Oa(.)7oe2. ~l •• i n& number. til. thl •• rie. belong 1.0 

r.por..:....,...nleh Arl ob. oll " or bAn H.n yhhdl'lw tro. olreuleUoD.. 

B.tIporl. 
~ 

• 

• 

• 

7 

10 

JIU!. . 16, 
194. 

JfI,A. 20, 
194 ' 

JfUI· 7 , 
194. 

Ju. 17 , 
194' 

Jan. 17, 
194' 

!vo-PhA.. Induction Not orl 

J. ,tudl o t 10M lalhl JPI-4~5 IQ:o.1rrel 0&«8 
I.-Fat. 1Dduc1010D. .o1oor It II 1oorq,ua IIOtor 
tor u .. in t he Qon1orol torce load1D.c .q,ulp­
_nt . 

Pba .. _Slntl1oi .. Detlctor 

J. brl~-t)'P' 410u pbllI_lInIUh. detec tor 
tor Uti 1n con"erUnl\: a-c t o 4-0 ttp.alt . 

'!hroUl1 '_h. 
Pt-el1~ry t lltl of ' hI tlut -odd 4e­
t !.pel! for D.tI In ' hi control t orel 10a41nc 
Iqulp_nt . 

Vllcotl'l .e· LeaIcace 
Stud1'1 of I Variable Dl.plaolmeot R1draullc ..... 

Pr .U.1DAJ7 EIUq.t .. ot ltu .. r l cal Vl lue 1aAp. 

lor 11rcrllf l. t hat e.rl to bl handled. by tbe 
SttlbllH)' Control Ao.al.J. ... r . 

I 

.... 
USTBIC'n:I) 

nOJl"" 
VHlllLtaW 

(Dina 0-12) 

SVJOUJlY BPOR't so. 1 
!prU 194.6 

B.lo" h • lht ot UtI,. and 'brief 4.lcrlpUo". ot 10_ report, 

whioh bay. b4ID wri t tln 4ur~ the prcgre •• ot work OD Contract. 

!l0a ( . }5216 u.d ~O.( .)?08Z. th •• 1n« nl1llbeu tn t)ao .. r1n belo!l£ \ 0 

rep~...ntoh Art obto l lte or hAn b .. D whbdrawn fro. c irculation> 

a.port 
Jo... 

• 

• 

• 

7 

10 

JIUl. 16, 

1'" 

JfUI· 7 , 
1945 

Ju.17, 
1945 

J,n. 17. 
19 .. 

!vo-PhA.. Induction Mot or. 

J. ,tw!l of the Diehl JPJ-4~5 Illlllrrel cace 
'_Fa" 1lI4ueUOD .ot.o r II III tor~UA IlOtor 
tor UI, 10 t.he oont.rol tore. load1D.C equip­
.nt . 

Pba ... SlnlltlYI De cect.or 

J. brl4.t;e-t)'pe dieu pba .. _.,uUhl dlhoUr 
tor u .. 111 0011."'1'\1.1\,; a-c to d-o dp.alt . 

'!hroUl.e '-.1 ... 

Pr,l1auary ' uh of Uw flut .,60,1 4aI­
dped for u .. 11:. tbe Goetrol t orct Iodine: 
IquJp.ot . 

V11co llt1 ••• Leakace 
5tu41 .. of III 'arabi. Di splac''-ot H;ydrauHc ..... 

I'r,U.hIM., Z.U .... " .. of iu.,rlcu V.l\WI BaAp. 

'or alrcrftft tbat arl to h bandi ed. 'IIJ \bI 
S~ .. bUHr Coatrol ~~.r . 

, 

"'(),,,,,. 
VBlllLWUTJ) 

(DinCi U - l4!) 

SlJJOUJlJ IW'ORt SO. 1 
""'ril 1946 

B.lov 1, • I 1tt of t 1t l , . a nd br ief delcription . of 10 .. report , 

vhloh hal" ~.a writ t en 4~~ t he prGgre l. ot work on Cont ract. 

/Ji0a ( . }5Z16 aJl4 10,( ,)1082 . )thl1n& ll1lJlNl'I 10 da .. rut beloll£ t o 

f1Ip~..ntoh "U ob.ch U or hATe been IIhbdr.~ fro_ circulaUon> 

• 

• 

• 

? 

'0 

Ju . 16, , ... 

JfUI.. '7. , ... 
Ju. 17 , 

19" 

J,n. 17, , ... 

! vo-PhA •• Induct ion Mo t or . 

A , tudl ot the lat h! lPl-49-5 t qul.rrll cae­
t_F-ati 1l!4ue\10D .otl,lr •• II. torq~ rJOtor 
t or u .. 10 t hl oontrol tor ol lo.4111.c Iq,ulp-­
" Dt . 

Pba ... Sl ol ltl.1 Deteot or 

J. brl~-t~-pe \lieu pba • • _ .. ulU • • dl t eotQT 
t or '11 M 111 coo'l'ertlnt; a-c t o d-o dp.alt . 

!broU le Val ... 

Pl'lll1a.1..ur), t uU ot thl fll"" .,4,1 b­
d pd tor n .. 111. t hl coetrol tor el Iodine 
equipMot. 

VitCOttt1 ••• Leakace 
Studi,. ot a '.rlabl. ~l.plac.meot Hydraulic ..... 

I'reU.1GlU7 Z.U .... t .. ot »U .. rlcal ValWl BaAp. 

'or a .1rcrl\f\ t bat In to b, ha.n41,4 bJ ttl. 
StabUtt.) ~otrol ~'"I.r . 

I 



BiSTRICTJO) 

Report 
Ho. Date 

12 Jan. 22, Lift Coefficients 
1945 

Data on the nature of l i f t coeff ic ients . 

13 Jan. 26, Strain Gauges for Control Force Measurement 
1945 

Data on the Euge-del'orest Type wire strain 
gauge for use in control force loading 
equipment. 

14 Jan. 30, Simulation of a Function of Several Variables 
1945 

This is a report written and issued originally 
by the Bell Telephone laboratories. 

18 Feb. 6, Aircraft Oscillations 
1 9 4 K 

" A l i s t i n g of the kinds of osci l lat ions with 
natural period and damping to be expected 
in large aircraft . 

19 Feb. 7, 60-Cycle Modulator Circuit 
1945 

An electronic modulator circuit for converting 
d-c to 60-cycle a-c signals . 

21 Apr. 13, Control Transformers 
194S 

A report on laboratory tes ts of standard 
Navy control transformers-

22 Feb. 22, Preliminary Investigation of Summing Circuits 
1945 

For adding and subtracting 60-cycle a-c 
Toltages. 

23 Feb. 27, Precision Potentioneters 
1945 

Information or. the Western Electric l ight­
weight precision potentiometer. 

24 Feb. 28, Lift , Drag, and Side force Coefficients 
1945 

For uso in the aircraft equations of motion. 

26 Apr. 19, Parallel-T Networks 
1945 

Experimental studies of parnllel-T networks 
for use as servo derivative networks where a 
60-cycle carrier i s used. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

, 

Repor t 
Ig . Ra1I. 

12 

13 

14 

,. 

,. 

21 

.. 

Jan, 22 , 
19" 

Jan. 26, 
19" 

Jan. 30 , , ... 

'.b, 7, 
194. 

.Apr. 13, 
194' 

'.b. 2?, 
194. 

,.b. 2B • 
1945 

Apr. 19 , 

'''' 

1iS1'RICTUl 

Lift Coeffici .nt. 

Data on the nature of 11ft coeft1clen~ • • 

Strala GaU&e' for COEl t rollorc. Mea.ur ... nt 

Data "n U", 2u&.~.'C".t !)'pIt wire .traln 
ca~ for u •• ia oontrol f or o. loading 
'Q.uip.n" . 

5!.-..1a\100 or a ~t1on of Senral 'ariable. 

fbi. i . a r.po~t written and i • • u ed or1S!D&l ly 
by thl lIell 'f.hphool Laborator te • . 

J..lroraft O,cillatioElI 

A li.ting of tbe kind. ot o. cillation! ~ith 
nattU'rU. period !Ul4 d.-p1ag to be expected 
in large aircraft. 

6~C)'oh Jlcdulator Circuit 

An .lec tronic modulat or circuit tor cony.rtloc 
d- c t o 6Q...elCll .-c I1CJ1.&la . 

COAtrol 'fratlaror_r a 

J. repeTt on laboNlot orl ta ata or atll~rd 
laY)' cont rul tranaformar, . 

Pre11Jt1ou7 lan.UYl tion of au.ua,r; Circuit, 

lor adding fUIIi If\\btractinc 6(M:1cl. lI-e 
1'0 l\to«fIa • 

)'rlcil1on PotenU olZt.c r a 

lator.t ion Oil tt .. W.,ta rn "llc\rlc ll&ht­
welsh" preclalon po t'A'lolml.r . 

loU" Dra&. a.od S1d. Jorc . Coa!r10int l 

lor UIC i n tt. aircrlf l 'Cl_llon. DC JIOtic:n. 

Paralill-! '.lWOrk. 

EzptrU1nhl ,ludi .. of parllll.l-if oel vorr., 
for UN fl.1 .. rYo 4lrha UY. network, wben a 
6Q-crcl. carr i'T 1, .I.d. 

- 67 -

, 

Ioport 
IA . !2&a 

12 

14 

,. 

,. 

21 

Jan . 22, 

" .. 
J ail. 26, 

'''' 

J&JI,. 30 , 

'''' 
lebo 6, 

'''' 

lebo 7, 

'''' 
.Apr. 13 , , .. , 

lebo 28. 

'''' 
"'pr. 19, 

194, 

I1a~a Oil the o.ature of 11ft c oettlclenU . 

Strain GeU&8e for CC El. ~r01 Jorce tceaeure .. n~ 

Date. !JU t ho:! iu«e~eJ'c".t fn- vire etrain 
,.~ fo r u.e In oootrol f or oe 10adlcg 
equip_ot . 

Si.u..Uoo or a ~Uoo of s.nra! Var iAbles 

!hh 11 a repo. t ItTltho and l .. oed orl,;in&lll 
hI tbl :Bell telepho~e labon.tor 1e, . 

.i1rcralt 0.cl1latione 

A 111UI'I4:: or the k Inde or oec lllatloOI "ltb 
nA~l\rftl perIod I\lld dalrp1D.,; ~o 'be expected 
lu large aI rcraft. 

So-C,01e Modula~or Cirea it 

.in el.otroDic modulator circul~ for con •• r tlu,; 
4-c t o 6Q-cyc1_ a-o ,I~, . 

CoII~rol frall lltor_r , 

J. report on labOrAtory t" te of ' talldArd 
•• ~ c ODt rul t ranelor aere . 

Pr.ll~aar7 In .. etlgnt l oo of &u.min« CircuIt, 

lor a441l:i,; fUId Ir\tbtrac\io& 6O-e,.cle .-0 
1'0ltfll;8" 

)lrechloo Pote oUo~t'r. 

laJOTQt,tloo 00 tte W .. tera lIo1ec tr1c BIb"­
weilbt precl,i oa pot4n tlo"",r . 

Lih, Drac. &lid SId.' JOTOe Co.tf101n\. 

101' UIO i n t he .lrcraft equatIon' of ""UCO. 

Paral1e1-f .etvork. 

EzperI .. ntal .tudlle of paTftllll-f o,t ygrr.. 
for u ... 1 "r.o dlrhaU.e netvork, WMrt a 
6O-crcl e carrIer II ueed. 
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COQtroi lor c" tro. ttw Lo.dJ1lf: EqUipMDt t o thl 
Cockpit Coatroll 

Cockpit KouAtiA& &$ J.chlat1q M.ct-.-lI. 
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oOl(tlollntl for III. "yp loal al~1an ••• 41 , ­
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eo.t.rol J'orca. tr_ t_ 1oa4lo« KquI~lIt t o tb. 
Cockpit OOll t rol. 

Coc.kplt No=.t1Ac aM. -'ctuatl..ac ~c~I •• 

Ihov1ll.f: oft rt.a4 cockpU IIlOU.Jltlac .... oO_lIta 
OD coc.ll:plt pl\cb , roll, ....... uUcal _U., 

- 71 -

http://decln.nl


RESTRICTED 

INITIAL DISTRIBUTION LIST 

Copy Number 

1 - 3 USN, Office of Research and Inventions 
Planning Division 

Att: Capt. R. D. Conrad 

Special Devices Division: 

4 - 5 Head, Materiel Branch 
6 Coordinator of Engineering 
7 - 2 6 Head, Research Section 

27 Head, Bombing and Torpedo Section 

Office of Research and Inventions 
Branch Office, Boston, Mass. 

Pft ... _. Att;. QamjiBn^lng Officer. 
29 Att: M.I.T. Technical Office 

30 - 31 Director, Naval Research Laboratory 
Att: Dr. Robert M. Page 

Chief, Bureau of Ordnance 

32 M t : Re 3 Dr. R. J. Seeger 
33 Att: Re 3d Coodr. V. E. Bleick 
34 Att: Re 4 Capt. C. E. Voegell 
36 Att: Re 9 Capt. B. t . Brown 

36 Cruft Laboratory, Harvard University 
Att: Cndr. H. H. Aiken 

37 Commanding Officer, U. S. Naval Proving Ground 
Dahlgren, 7a• 

Att: Capt. C. C. Bramble 

38 Director , Naval Ordnance Laboratory 
White Oak, Maryland 

Att: J . V. Atanasoff 

39 Direc tor , David Taylor Model Basin 
Washington 7, D. C. 

At t : Dr. N. Minorsky 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 72 -

--

1 - , 

,- , 
6 
7- 26 

27 

30 - 31 

32 

" " ,. 
,. 

" 

" 

IVl'rUL DlS'rBUt11'lOB LIst 

USN, Off1c a of B. ••• rch and ID.eDt1on. 
Pla nn1ng Div1eloo 

An : Capt, Ii , D. Conra.c\ 

Speclal Del1'lc ee D11'1doo: 

Head , Materl.1 Branch 
Coord1nator of iQl;lnearlJ:1f: 
lied, auea.rch S.CU OD 
S.d , Bo.blng and 'ro~do Secti oo 

Offica of BeMa rch a.nd I Dv.n tlona 
Br anch Offica , Boaton , Ma •• • 

,4tot •. ~flo\1n& Offi c.r 
At t: M.I . T. Techni cal Offic . 

Di rec tor , }iavlII _"arch L.t,borator:/ 
AU: Dr. lobert !It. Pal:' 

AU: 
At t: 
At t: 
Att: 

.. , 
"3d .. , ... Dr. B. • .1 . Seeger 

Colldr. 'I. E. Ble1ck 
Capt. C. 11: . Voe~l1 
Capt . B. J. Brown 

Cr ult Laboratory, Har ... rd Unl.ara1tT 
AU: Cair o H. B . .Alkan 

Co~d~ Offlcer , U. S. »a.al Prov ing Ground 
Dahlgren , ' " 

-'tt : Capt. C. C. Brambl a 

Dir actor, )/a1'al 
Vb,Ha O&k, 

AU: 

Orbanca I.boraLo q 
Maql.&nd 
oJ . V •• \auaott 

Diract or, Da d4 t..,lor J40d.tl Bad n 
W • .blQCton 1, D. C. 

-'tt: Dr.'. Mt.orekT 

- 72 -

-.-

'"""-
1 - , 

,- . 
6 
7_ 26 

Z7 

30 - 31 

36 

37 

" 

UlI'l'UI. DIS'lalllt7l'IOrl LIS'l' 

UsN, ornc. of a. .. arc.h and InY'nUon. 
Phnnlng Dhhlon 

AU: Capt. B. D. Conrad 

Special ne.icel Ot.i.ion: 

Head. , Ma t erid Branch 
Coordinatnr of ill,l;iMlrin& 
1Ie&4, ReNU'ch Sec l10n 
s.&d , Bo.bing and 'l'oz,;- do Secti on 

Offic. of BeNllrch and IUlntionl 
Branch Of ficI, BO ltOD. MI. •• • 

,itt : Qt>lIIOo"Iflo1.~ OU i e.r 
.ltt: M.I.T. Techni clll Off i c I 

D1N1ctor. a..earch ~borator7 
Dr. llobtrt M. Pa«' 

Chi.r, ~ureau of Ordnancl 

.lu: 

.lU : 
At t; 
AU: 

.. , 
"3d .. , ... Pr . ll. J . Seeger 

Comdr . V. &. Blllck 
Capt. C. 11:. Voe~l1 
Capt. II. F. BroWft 

Crult lebora'ory, Nar •• rot Uni.erllty 
AU: CMr. B. R, Alken 

CoIIDf\.Dd 1l:l.g Orfic.r, U. 5. Van.l Pro Yi ng Gr0un4 
DahltVIn . fa . 

Att : Capt. C, C. Br. shll 

Dtr. c t.or. X ••• l 
Whit. O&k, 

.lUI 

Olrlct Or, 0 • .-1.4 
W.ab lQCton 

AU: 

Or4Aane1 .x. bora Lor7 
Mal'7land 
J . V • .ltaulorf 

t..,lor Model Bal in 
7, D. C. 
Dr ••• lIuorl lq 

- 72 -

--

'"'-' llIWJ: 

1 - 3 

,- , 
6 
7_ 26 

27 

" 29 

30 - 31 

32 
33 

'" 3b 

36 

37 

38 

III1'rUI. DlS'UDt7l10N LJS'l' 

USif, or fie . of Ba ... reb a.n4 11","Uol, 
P1. Mln, lIhhloD 

J.u : C.'pL B. D. Conrad 

5~01a1 De .. i ee. 0 1 .. 1.1011: 

Hesd. , Mat. r id bnnch 
Coordlne.tor of iD,l1n .. rlnf!; 
lied, ReNarch Sec t 1011 
Bead, Bo.b1nl: aM. 'rorptl do Seotion 

Offic. of &u6l1.rch and. 111".nUon l 
Branch Of f lc. , BO l tOD , Ma •• • 

D1N1ctor, 

j,U : ~"I\1ng Offie.r 
4tt: M.l . 'l'. 'l'echnlclI.l OfUee 

j,t t: 
4tt : 
At t: 
4tt: 

a.leareh ~borato rl 
Dr. llo"oert M. p~ 

.. 3 

"3d .. , ... Dr . It. J . See«er 
CoDtr. V. E. BI.lck 
C«pt. C. A. Voe~l1 
Capt. B. r. BroVtt 

Cr ul t leboratory , HarYard Ulll..erilty 
4u: C.-1r . H. H. Alan 

Co~d~ Ot(lc'r, U, S, Va •• l Pro. i ll&: Ground 
Dehlsren , 'a . 

4tt : Capt, C. C, Brftsbl. 

D1r. o lo or. W.",,1 
Yb,h. OU:. 

4,, : 

Ordnu.c • .t.borat.o17 
MeJ7l.&nd 
J . V. A~lotf 

Dir. ot or, DadA r..,lor Mod.! Bael.n 
Wa.bln&ton 7, D. C. 

A" I Dr. to .U.lIO r'lI:7 



1 

I 

- 73 

KSSTfilCTED 

Copy Number 

Massachusetts Institute of Technology 

Division of Industrial Cooperation 
40 - 41 Att: N. McL. Sage, Director 

Departnent of Aeronautical Engineering 
42 Att: Dr. J. C. Hunsaker 
43 Att: Prof. J. H. Marlcham 
44 Att: Dr. C. S. Draper 
45 - 46 Att: Prof. J. Blcknell 

Department of Electrical Engineering 
47 Att: Prof. Harold L. Hazen 
48 tttt Prof;"S. 2 . 1u\iktn-• •» 
49 Att: Prof. S. H. Caldwell 
50 Att: Prof. A. C. Hall 

Department of Mathematics 
51 Att: Prof. H. B. Phi l l ips 
52 Att: Prof. Henry Vallman 

Department of Physics 
53 Att: Prof. J. C. Slater 
54 Att: Prof. J. A. Stratton, Basic Research 
55 Att: Prof. A. G. Hi l l , Basic Besearch 

Servomechanisms laboratory 
6 6 - 6 5 Att: Dr. Gordon S. Brown, Director 
66 - 145 Att: Mr. Jay W. Forrester, Project WHIBAVIHD 

Commanding Oeneral, Air Technical Service Command 
Wright f i e ld , Dayton, Ohio 

146 Att: Col. Leighton I . Davis TSEPS-4 
147 Att: Col. Klme 

148 - 149 War Department, Office of Chief of Ordnance 
Att: Col. P. N. Olllon 

150 Institute for Advance Study 
Princeton University 

Att: Dr. J. von Ne 

I 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

• 

400.. 401 

., 
43 .. 
40 5 .. 406 

., .. .. 
'" 

53 
54 
55 

66 - 65 
66 .. 1405 

1408 - 1409 

aSD1CUi> 

M. ... chu •• t t. In.tl\utl of tlchnologr 

D1Tl110B of ID4ultr1al Cooperatlon 
A't: H. MeL. S~ , Dlrlctor 

Dlpart .. nt of Aeronautlc,l ~ncln'lr1n1 
Att: Dr. J. C. H~aat.r 
.tt: Prot. J. B.. )fukhu 
AU: Dr. C. S. Dr",per 
. u: Prot. J. Blcknlll 

Dlpartment of ~lect rlc.l 1n«10eerloc 
Att: Prot. Harold L. Ha.ln 

- .t\"\. . Prot;- C. !I) . t....:liarr -
A,t ; Prof. S. H. Ca,ld~ll 
Att: Prot. A. C. Ball 

DlpartQlot ot Mathe~tle l 
Att : Prot . B. B. Pbilllp. 
AU: Prot. Hanrr Vall..n 

Depar, .. nt ot Pbyele l 
A" : Prof. J. C. Sl.'er 
A"; Prof. J. A. S'ra" on , 1a,1e X.llareh 
.u: Prof. A. C. HU1, Balle B .. lareh 

SarTo .. chanl . _. Labor.t orl 
J.U; Dr. Gordon S. Brown, Dlrlo\.or 
.,'; Mr. JA1 V. Forrl . t.r, ProJlo' YHliLVIrD 

Co..nd.1q; General , Air tlebn1ellJ SerTlee Co~ 
Vrich' 'leld., Dalton , Ohio 

Att; Col. t.lcbtol1 1. DaTl l fS1RS-4 
.ttl Col. lU_ 

Var J>apart.o.t, Offici of Chilf of Ordnancl 
.tt: Col. P. H. 01110n 

laeUtutl for jchanel StudJ 
Prlnceton UniTarelt7 

.u: Dr. J. TOD le~ 

- 7J -

' 0 - " .. 
" .. .. -•• 
" .. .. 
60 

I &l ,. 
.. 
54 .. 
.. - •• 
66 - 145 

1408 - 14.9 

Ma ..... abu .. t t. 1.u\1tuh of Tlchnolog 

D1T1 , 10_ ot IDdultrlal Coo~r.'lon 
.,,: H. MeL. !ace . D1rlc \or 

Depar t .. at of .... ronaul.1c.l iinclulr1D& 
At': Dr . J. C. H~aat.r 
AU: Prot. J . R. Mar~ 
.u; Dr. C. S. Dr",P'" 
AL ,,: Prof. J . Bicknell 

»Ipez , aeo\ of Al1o\r1cal 1Dc10 •• r1ac 
At": Prot. Harold L. Ha. to 

- A 1. . Prof;' C. m. ':~bl"-
AU : Prot. S. H. C~d_ll 
At' : Prot. A. C. !all 

Depart.at of Ma'UlI_,lc I 
., ,: Prot . B. B. Pbill ip. 
.1U : Prot. HeIU7 "..tau 

»epar t .aot of Pb¥l lc l 
AtL: Prot. J. C. Sla'. r .t,: Prot. J . A. S\raLtoo, )""le ie.earch 
AU: Prof . ... C, HUI , lIal1c hMuch 

SI,To .. cbanl . l, LaboratorT 
.AU: Dr. Gordon S. BroV!l , IHrlol.Or 
At": Mr. Ja1 W. Forre" .r, ProJeot WHl iLVIID 

Co..ndLa.c o. onal • .11T tlcbniclll Stn-Iel Co-.n4 
Wrl6ht 11'14, Dalton , Ohio 

.,,: Col. t.l~too 1. Da.il fSEiS-4 

.lU I Col . 11_ 

War Depar \.-ot. Offic. ot Chi.t ot O~nc. 
ALL ; Col . P. W. G1llon 

la,ULu L. tor .tdyan.e. h wlJ 
Prlnc.LOI1 OllhenU, 

AU; Jh- . J. YOI1 I.~ 

- 7) -

I 

.0 - ., 

•• ., .. .. -•• 
., .. .. 
'" 
51 ,. 
53 .. .. 
66- " 66 - 1"5 

... 
m 

lU - 149 

w.. ..... ahu .. t t. In,t.1tuh of T.cbnolog 

D1T111011 of la4ultrlal Cooperation 
A"~: M. MeL. Sace . D1rlo\or 

Depar t .. at of Aeronautical ~nclD •• r1D, 
AU: Dr . J. C. Hwu.Wr 
AU: Prot. J. R. Marlthall 
.U t: Dr. C. S. Drapn 
. ,,: Prof. J. Bicknell 

D'~'DlI1' of alI0\,1011 Inglne1r1ac ' t,: Prot. Harold L. HazlD 
-A1,. Prof; C. m. ':\Wur-

AH: Prot. S. H. OlLld..,.ll 
At": Prot.', C, Ball 

Depart_ot ot Math .... 'lc . 't,: Prot. B. B. Pblllip. 
.1U: Prot. H.tU7 V,lau 

D.~r '.aI1' of Pbyi lc i 
.,,: Prot. J. C. Sl"'r 
.,t l Prot. J. A. Str.' tOil , »s,le Be •• arch 
.., ,: Prof .... G, HUI, Batie i'Much 

s.,To .. ohAnl •• , Labor.torT 
.lUI Dr. GordoD S. BroW!l, D1rlo\.Or 't,: NT. Ja1 W. Forre" .r, ProJect VHliLVIID 

Co.-ndLac G.oual, Air t.chn1otU S.,yl c i Co-.n4 
Wrl&bt 11'14, Dalton, Obio 

.. tt : Col. lel~'oD 1. Da.il fSlPS-4 

.1.\1 Col. Ii_ 

War D.part.ot . orno. of Chlef of Or11¥nce 
~LL ; Col. P. W. Q1llo~ 

laeUhw fot' .td'fan.e. Studt 
Prbc.\o~ u.u""n1L, 

~U; »T. J. YO~ Je~ 

- 7J -



- 74 -

RESTRICTED 

Copy Huttber 

University of Pennsylvania 
161 Att: Irvln Travis, Director of Research 
152 AttJ T- *• Sharpless, Project EDVAC 

OKI Special Devices Division 
163 - 200 Att: Research Section 

HOTICi;: All corrections to the distribution list, 
requests for additions to it, and requests 
for additional copies should be directed tc; 

The Director 
Special Devices Division 
ORI 
Port Washington 
Long Island, N.T. 

Att: Research Section 

\ 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

- 74 -

101 
10' 

1I0't ua:: 

Unl .. r,Uy ot P'II.DI:yll'anla 
.itt : lrY1n 'tr .. .,h , Direc t o r of Beuuc.h 
J.u.: T. X. Sharpl ... , ProJeot };1)YAC 

Oil Special De.,1ce , l)lvhloJl 
J.ttl Ra .... r eb S.ct i o.D 

All correction . to tho dhh l buUon 11,t. 
nl[ll • • h t or a4dUlonl \ 0 it. and "q.U.ltI 
tor addlUcII1II, l cept.' s hould be di rec ted to: 

'!'he Dlr. ctor 
Speo ial Jl,,,lc •• Dhhlon 
ORl 
Port V ... h1n~ton 
Lone It laDd.. W. 1. 

- 74 -

,., 
'" 

Jonca: : 

usm"""" 

Unl.,.r ,Ul or Peuolyll'anla 
.l\t ; lr1'1n 'rrayh, Dlrec l.o r of a. •• uch 
Att : T. X. SharpIe .. , ProJeot l:DYAC 

Oil !pec1al De.,1c" Dhhlotl 
.lHI Re .. arcb SecUOI!. 

All correcHonl 1.0 the dhtrlbuHon 11.1. . 
rell\l •• h t or addUl on. \0 it. AM. "<lu.l h 
t o r Ni41UolUl,1 copies should. ~ 41reoted to: 

Tb. Dlr.ctor 
Speoial », .,10.' Dhhl oD 
ORl 
Port. Vaah1nc"on 
Lone haM. , Ii.l • 

.itt : a."&l'Cb SeoUon 

- 74 -

101 
10' 

JOTlCi: ; 

asruC5D 

Unl .. rl1\)' or P,o.Jayll'anla 
"'tt; lr1'1n 'tray", Dlrec\ o r of a. .. uch 
Att: T. X. Sharple .. , ProJect lODVAC 

Qal SpecIal D ... lc. e 1)11'1.10)1. 
j.\t: Ra .. arcb Soactlo.D 

JJ.l correction. to thel d htrlbuHon U .• t. 
requ •• te tor a44Ulooe \ 0 it. ADd "Clu.ete 
tor 1\dd.11.1ofUll coplee should "- cUr-cted to: 

ThII Dlr.c\or 
Spedel D, .,le •• DhhloD 
OR1 
Port V •• h1n«ton 
Lone l , l and, '.1 • 

.lU: a. .. arch SeoUeD. 



B-..3.0.0..IQ: 

WO-... 

TOLERANCES NOT OTHERWISE SPECIFIED: 

DECIMAL ± .OOS FRACTIONAL ± & R F F F T - T . : I C C 

S E R V O r R ^ o e 

4 0 0 ^ 

P 8 O £>"E -
n i V C 

P t T F C T O R 

DEUIVATIYF 
A N I ; 

r 
tW .PL ! f 

MEC 

I 

4-G 

T-Kt-QOtr^CY 
OSCILLATOR 

VOVyE',<L 

L 
3-Pv-\PiS£ 

Ahu> F ILTER. 

T 
.YfTfTT 
VOLTAGE V s 
F K L Q U t N C V 

C l g C o l T 

rnni 

H 

FRSQOtttCy 
0SILLPiTO(2. 

auprcre. 

4 0 O ^ r ^ W E f C 

U ift 
z ioroe. 

EltCTie'CftUY 
rtDE P t O t l l j ) 

r :n 
FREQUENCY SERVO 
BLOCK DIAGRAM RESTRICTED 

MAT TRIAL- DESCRIPTION PART NO. I QUAN 

S E R V O M E C H A N I S M S LABORATORV OF THE 
M A S S A C H U S E T T S I N S T I T U T E OF T E C H N O L O G Y 

DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. eg? O ^ T " 5 

1.1 

P L O C K S C H E M A T I C VF^> 

1/ 

on. - c & o • 

•"•. rz-
' » / 2 - ' - ; 

'•0010-I 
~JL 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

8· .~>o.cHO-L TOL&IIIANC~' N~ OnUUotWln S". CII"IID , 

Wo· ____ D. ell,"".L :i ,005 I"IUCTtONAL j: .It. I"Ffr~-,r , r , 
• 

'E"Pv() rc " " ... ' ""-. -1 I ',r~"'nj 'ItI ,? \ CI\3 L"E f"l yt: 0 - \ , ·1' I yr -I -it·HI - - 'f1<t:.Qvi:.1iC"" ;:R~ Q()~HC'r' 
40<) >J : 'to Tt:C'T0R ' .... Tr:.G1C' •• L OS'\ I..I..Rro~ O'=' ILLPITCR. 

, 
I I 

I - '-l POWI: \<... e.v I=" FE" Q. - ~rA ':;"'E" 

I I 
r - , 

.,. Ph(.\S'E" 

\ ". I'" >OU LfH :H<. 

I 
fill .... F I LTE:--<. 

- -- - ~ -_. - - -- - .Ii-I r ,; - - - - ----, 

lVO"AG~ rk:tOV~I'~V 

(I\~CU IT" 

, TT 
J _Lt 1.1 , 

" vJ .... '.~ 1 · 400~ POW "-"'--.....J TPlG'i" 

I I , I 

....L , II [ 1...1.L 1 
.1,,) 1"'0 ~':' 

'1 ,. ''' ''D''''-'' ''~ FREQUENCY SERVO RESTRICTED E. 1. ... c. ,\"\( " I'IL"Y 
l iv[ r l . .J~ r l BLOCK DIAGRAM 

- I 

'J I I G I I 
" 

, tU M I "U f; III, . , · OC 'C:"I'TION ~ .... n 100 QU . " 

e;;- o S IU. I/O". ',;! ..... ,. •• "" . L ... . O" . TO ... t 0" THC 

M ASSACHUSETTS INSTITUTE OF T[CHNO~ , 0 DIVISION or IPHIUSTIII I .r.L eoo .. ' ..... nol'l P'Ml),IlCT " 0 . 6 

( • < r - ... :( "'" c.l- lL .... 1 I { Vf .... , - , " =T-.J. 1 - _ IC". ' - I"~ -.," 
N AI '0010-\ . , . I" n. I .-. 

• Wo' ," ." . IIlz 'J /~ " .. 

-• 

" 

-

a ·.50010-L. 

WO-

--

T ou:lltANCU N~ 

D IiC.MAL i .005 

r _ _ _ 

onUlltWII. &"&CII"I.D , 

I"JUlCTlONAL j: " '·Ffr\·r , 
I 

n=>V() n:,," 'J",: !:" ~ -- , , I~ L ( r 
400 , r t Tr-CTOQ 

I 
" 

r . -

" 

- " --

-' 

---L 

-) -

• 1 
" ! -• , 
• , 

" , 

r 

r !'.I-II/ .... n Vr -I <,iH, --
1T(C~ L('f~L 

, 

I 

I 
-

I 

" I 
'I 
< 
0 -
< 

1- .. -, 
-

w •• 

·/~ ... \ I='IBL"E" f"l)l't:D 
'f~t:.CI.'Ji:.t\C'r' fRr<:QLH:tlC'r' 
O~"L I..t=lro~ O';. lLLPlTOR. 

I I 

l;!'~ ~_Q~FEQ -=-fA.:i,'E"" 

, 
.,. PhA's'f 

Ltt,)vUlf;1 :>~ 

1'10 .... F' LTE" ~< 

lJ.!r ~l - - - - -_ . 

llO"AG'~ ;-\o.:t OVL I I~"'" 

f Kev Il" 

JJJL" 
" W\. '.c:- o!! 0 0 -v pow 1,';. 1<.._ 

TA c;.;:-

.II !l I t 1 
.1 .') -rOL:. 

' -i' \" " ' ",, " ~ FREQUENCY SERVO RESTRICTED E.l.tC.f \('f'lL~'I' 
'li ve r'l . _, tit BLOCK DIAGRAM 

1 1 
".M MUO:"' • • _ DO:' C: ~'''' tO .. . .... n ...,. Oy." 

&&1II1I0.,. II;CI14N '. "' . L .... olt . ro'" 0" TMC 

MASSACHUSETTS INSTITUTE or TECHNO~ 
OlllllllO N or I Ngu srlllAL eOO" .... T IOM .... o,I I:CT "0.6 

- ," , -<. "'_ Ll-.• " ' 1 If' vr ~. 

-r-_ IC 4 H - I" - 6 -
0010-1 '" j'"fl. j'" '". ." - 11/' 'J Llo: .. -

• 

• 

TOU:"A"U;;U N OT 

O ae l"",L .1 .005 

Oflol_"WIIi S".CII"II:D , 

FItACTlONAI.. :t Jti 

400 ' 

.o:I~~_ 

\ \ " L ,r 
, \ rr-~TOQ 

• I 

-"' ------; . -

t,r\-JI ' .... n v(" ·/ ~ .. (\~e. L"E' 

'\ It... - - 'f ~t:. q"i:.,'\c'T' 
1 TIC (~ k 'L OSC II. \.FHOt<. 

-

, I· , , 

I 

l;!~ 0:::. r~ .:; 'E" 

1 __ 

• hA5~ 

LA )vULfl1 :::n<.. 
I," .... FILTE~< 

.b It ;J 
lVO"Ar.(~ r..-t OVt..II~"" 

t KCU IT 

JJJr." 

. 1 I [ Lll.. 
.'·,)1'"Ol.:. 

/t111'J'11'J\'''~ 
E. .. tC'l"1( -llv!' 

' 111.1[Pl ' '~n 

. 

f"t yt: 0 
;oRr;;Q\.lE:t'I('r' 

O';. ll..lPlTOR. 

I 

1 

FREQUENCY SERVO DESTRICTED 
BLOCK DIAGRAM 1\ 

I I 
,, ~ .. 

.UI \lO~ ItC """" I. "' . L .... o,. . roll' 0" THC 
r:: M AS S ACHUS ETTS INSTITUTE OF T ECHNOL,OCiJ 
o DIV'1I0N 0' I N r;tU STlII"L COO","II"T IOM f'MOJ lCT MO. c;:;. ~.:J 

-44~---+~~~------------------; , < 
H---i-- --i--1 1----1-

1< , 
H 



* 

c 

c 

• • • ' . 

• 

-

- -

- -

mm risga 
51FIE0 

• f i r i i ' M N t CTiA'iJh SC*lM**iC 

1 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

( 
r 

L 

. . 

-, 

+ 

" 

• 
t 

, . 

i 

'. 
. \ 

, 

" 
". 

. . 
.. ." 

, 

, 

'. 

• , ' 

" 
'}o. 

• J. 

\ 

.' 

. "'., . 
' .. 
~).., 

. ' 

.' 

. .' 

.' 
" ' \ 

\. 
' .. .'. , 

\ 

..... 

. , 

.. ' 

. 

. , 

, 

" 

" 

.. ;. .. . ...... 

.. 

' . , 
" , 

, 

.. 

. " 

.. 
'. 

· ,. r<D'''' 
f~ :: J 

l::: 1 
: . · .. 
" . · .. 

" '-, 

J 

"<c-

o 
) 

~ ) 
I 

, . 
, , 

. 
.' '. . .' 

> , 

.. 

• , , \ 

: . , 
" 

• 

" . . 
' . - -- . 

.. 
. . "' , 

( 
J F1 ,. , 

• 

, .. H t; .-

• 
j ' : , , 

: .. ~ • \ 

1,1 I . 
• 
, 

( • I t • I I I i I • I I / i 

, 

, , . 
. , 

" 

. . 

.' 

• 

., 

, . . , 

.' 

' \ 

, ' 

. 
' . 

• 

.. 

• . 

. . 

( 

. 

; 

' . 

_ :_ j-{i)" 
r· I ~ 

• c-
1- , ~ 

- ' -

-.-
· .-
-.-
-.-

j ~ 
I ! 1 

-. 
. .-. • 

-I 
, . 

. 1 lEO - • 
aJfUI"A ~5a .-

'\, 
, . 

, , , 
\ 

,-(I) " 

'. 
"', . : . 

• , , 

, 
, 

" , 
; 

, , , , 
, 

" · -, 
f -

, 
> >.' 

~ . - < 
• , • 

• 
> ';' 

• 

' " " , 
, , , 

' . .-, , , · ' • >~ , , 
" · ' tL 

: . 
, • , '- , , C ' . • , 

~: l .- i l-•• 

I III 
, 

!, 

\ 

I ,) 

" j • I , , 
I i i I • 

• 

, . 
• • 

" 
• , .. 

" • " r 
1 , , , 

• • 
• 

" 

I., 

, 

!j 

.r \1:.0 

. , 
I i'l • • 

I • I ~ I ~ I I 

IIII1lP 



<; 

D 
WO 

FROM h t R Q O NMvwC l ^ U ^ ^ N ' -

' -

s — 

f 

it- n-
fcO 

•}^<l 
I® 

I 

1 

8 , r. 

• 7, 
p i 
i 

N KND $ »ES-iLT PROM T H E "lIMUl T fNUCOUS 
1 V & U i m * OF 1HE K S f l O t l i m O E^Uft-T>Oh^ p *S 
1 M w u S T E n UNTIL ftv*P W*D Pv*P ftt\« E ^ U M 

^ F 1 * P* PftRTl^\A.P*«. r , r - M t R N O « S t T H N & t Q . f c > \W«\CH 
1 l i W E S (» t r t R T l C A J V P * . N W H I N ^ P V E f t C w E S » T S 

l l M i n , K t M M I • * P H P ftnO **& I ^ » L 

c 

NOTES ON E.Wa\HE E ^ U f t T l Q N S 

1 THE ENGINES, ME. Q n ^ N M t O (N 

THE F Q L L O V W I N C J MANNER: 

NO.I - OViTOORRO POST ENGINE 
N&E - I N m f t P D PORT EN&1NC 
N l 5 - VNftOftRO STRRP.^RREi EWatNE 
NO,* - 0\JTBQft«D «5TP,RRnr«RO E.H<i\NE 

2 ftLV_ T H t fcOUPTUONS FOR P\ S\NG\_E 
E N M N l RRE S H O ^ N IN THV. RRER 
ENCLOSED RT R ObT -ORSH ^>NE 
RNO ARE NOT P - E P t B T t D "blNCE 
ALL I M M I PiPE T u t SAME 

3 STMRQL **JA.SCR\FTS DENOTE THE" 
CNCME NUMGERS E l t E P T IN THE 
AREPt REPRESENTING E N Q i N t t * l 
WHEREIN THE ejUR'bC_R>PTS 
REPRESENT DiFFtRENT 9URNT\T»ES 
IN TOE SPtTAE E N t \ N E . 

* m E ENClRClLtO QUANTVT»ES AT THE 
10F- OT TWE SHEET iWOACfriTE. 
VALUES OF PARAN\ET Eft*' WHICH 
THE. ENCsltlE. E O U M l O N S SVJPRLT, 
WH\LE THE O t t & V t f j P»T THE. 
LEFT R E P R E S E N T Q ĵP»NTt"T \ E.S 
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